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PREFACE  TO  THE  FIRST  EDITlOlJ. 


This  Work  is  intended  as  a  Guide  to  the  Officers  of  all  grades  of 
the  Merchant  Service,  in  the  examinations  they  are  required  to 
undergo  before  the  Local  Marine  Board.  It  will  be  issued  in  Two 
parts: — ^Part  I  containing  what  is  termed  the  Ordinary  Examination, 
and  Part  II  containing  the  Extra  Examination. 

The  present  volume,  which  relates  to  the  Ordinary  Examination, 
contains  model  solutions  of  examples  in  the  various  problems 
required  of  Candidates  when  under  Examination,  with  numerous 
Exercises  to  each  Problem,  together  with  a  variety  of  Examination 
Papers.  It  also  contains  all  requisite  information  respecting  the 
Deviation  of  the  Compass ;  Lights  of  the  English,  St.  George's, 
and  Bristol  Channels,  &c. ;  Stowage  of  Cargoes  ;  Invoice ;  Charter 
Party ;  Bottomry  Bonds,  &c. 

In  the  preparation  of  the  articles  on  Seamanship,  the  following 
works  have  been  consulted  : — "  The  Kedge  Anchor,"  by  W.  Brady, 
U.S.N. ;  "The  Seaman's  Friend,''  by  R.  H.  Dana,  jun;  "The 
Sheet  Anchor,"  by  Darcy  Lever,  Esq. ;  while  my  obligations  to 
other  works  have  been  duly  acknowledged.  The  works  of  Abbott, 
Leis,  Steele,  and  M'Cuixoch,  &c.,  are  the  authorities  that  have 
been  consulted  on  the  subjects  of  Charter  Party,  Bills  of  Lading,  &c. 

T.  L.  A. 
Sma§  HUids,  ynif  nmib.  1S5S. 
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ADVEETISEMENT 

TO 

THE     FORTY-FIFTH      ED^ITION. 


In  this  Edition  of  the  "Guide  Book,"  such  alterations  and 
additions  have  been  made  in  the  work  as  were  necessary  to 
adapt  it  to  the  present  requirements  of  the  Examinations— con- 
siderable alterations  in  the  Examination  Papers  having  recently 
come  into  operation. 


T.  L.  A. 


Seuib  ShuUs, 

Oaobtr  %ut,  18S5. 
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NOTICE   OP 

•  •  •  • 

EXAMIN*ATIO]S"S  OF  MASTlTRS  AND  MATES 

or 
FOBEiaN-QOINa  SHIPS  ft  HOME-TBADE  FASSENQEB  SHIPS 

AMD  OF 

YOLXTNIAST  EXAIONATIONS  IN  STEAIL 


I.  XJhdbe  the  pforbions  of  the  Merohant  Shipping  Act,  1854,  (17  and  18  Yiot^  e.  104, 
«.«.  136—161,  no  Foreign-going  Ship*  or  Home  Trade  Paasenger  Ship*  oan  obtain  a 
elearanoe  or  tranaire,  or  legally  proceed  to  tea,  from  anj  port  in  the  United  Kingdom^ 
mleai  the  lUater  thereof,  and  in  the  oaae  of  a  Foreign-going  Ship,  the  Fint  and  Seoond 
Matea  or  only  Mate,  (ae  the  oaee  may  be},  and  in  the  caie  of  a  Home  Trade  Paaaenger  Ship, 
tibe  Firal  or  Only  Mate,  (ae  the  case  may  be),  have  obiained  and  poteeM  yalid  Certificates 
of  Competency  or  Service,  appropriate  to  their  seTcral  stations  in  such  ship,  or  of  a  higher 
grade;  and  no  snoh  ship,  if  of  one  hundnd  Um»  burden  or  ufwarde^  can  legally  prooeed  to 
•ea  unless  at  leeut  om  ojieer  betidee  the  Matter  has  obtained  and  possesses  a  valid  Certificate 
appropriate  to  the  grade  of  Only  Mate  therein,  or  to  a  higher  grade ;  and  every  person 
who,  having  been  engaged  to  serve  as  Master,  or  as  First  or  Second  or  Only  Mate  of  any 
Foreign-going  Ship,  or  as  Master  or  First  or  Only  Mate  of  a  Home  Trade  Passenger  Ship, 
goes  to  sea  as  snoh  Master  or  Mate,  without  being  at  the  time  entitled  to  and  possessed  of  soch 
a  Certificate  as  the  Act  requires,  or  who  employs  any  person  as  Master,  or  First,  Second* 
ar  Only  Mate  of  any  Foreign-going  Ship,  or  as  Master  or  First  or  Only  Mate  of  any 
Home  Trade  Passenger  Ship,  without  ascertaining  that  he  is  at  the  time  entitled  to  and 
HOMfissni!  of  snch  Certificate,  for  each  ofenee  mcurt  a  penalty  not  esceedingjl/tp  poumb, 

1.  Every  Certificate  of  (hmpeteney  for  a  Foreign-going  Ship,  is  to  be  deemed  to  be  of  a 
kigfaer  grade  than  the  corresponding  Certificate  for  a  Home  Trade  Passenger  Ship,  and 
antitles  the  lawful  holder  to  go  to  sea  in  the  corresponding  grade  in  such  last-mentioned 
Ship;  bat  no  Oerti/loate  for  a  Home  Trade  Paeeenger  Ship,  eniitlet  the  holder  to  go  to  eea  a$ 
MmUr  or  Mate  of  a  Ftreign'going  Ship,  nor  does  a  Certificate  of  Service  entitle  the  possessor 
to  aot  in  a  vessel  of  any  class  except  that  for  which  it  is  granted. 

3.  Orrti/loaUe  of  Oompetonef  wiU  be  cranted  to  those  persons  who  pa^s  the  requifita 
asanunations,  and  otherwise  comply  with  the  requisite  conditions.      For  this  purpose 

•  By  a  Ptecign-going  Ship  it  meant  one  which  is  bound  to  some  plaoe  out  of  the  United  Kinirdom,  bejoad 
fbe  limits  induded  between  the  rirer  Elbe  and  Brest;  and  by  a  Home  Trade  Pasaengtr  ^hip  is  meant  any 
MammTndb  Ship  employed  in  c  rryin?  Paes-nTcrs:  and  it  is  to  be  obM^rred  that  Foreign  Stmm  Skige 
emphgsd  tn  carrging  pastengtrt  between  placee  in  the  United  Kingdom,  are  anbieot  to  all  tka 
Mons  of  the  As^as  regaids  Certiflsates  of  Masters  and  Mates,  to  which  British  Steam  Bhips  axe  suli^  . 
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examiners  have  been  appointed,  and  arrangements  have  been  made  for  holding  examina- 
tions at  the  ports  and  upon  the  days  mentioned  below : — 

PLA.0B8.  FOB  KA8TXB8  AND  MATES. 

Aberdeen*     .        .        •       .        .  Wednesday  in  each  week. 

Belfiut* ist  and  3rd  Tuesday  in  each  month. 

Bristol* md  and  4th  Tuesday  in  each  month. 

Cardiff ist  Tuesday  in  eaoh  month. 

Oork and  and  4th  Monday  in  each  month. 

Dublin and  and  4th  Tuesday  in  each  month. 

Dundee* Thursday  in  eaoh  week. 

Glasgow*      •       .       •       •       •  Tuesday  in  each  week,  alternately  with  Greenock. 

Greenock* Tuesday  in  each  week,  alternately  with  Glasgow. 

Hull and  and  4th  Tuesday  in  eaoh  month. 

Leitk and  and  4th  Tuesday  in  eaoh  month. 

Liverpool Monday  and  Thursday  in  eaoh  week. 

London* Mondays  in  each  week.     Masters'  voluntary  exami- 
nation in  Steam  held  on  Friday  in  each  week. 

Plymouth Tuesday  in  each  week. 

Shields,  South*     •        .        .        .ist  and  3rd  (and  5th)  Tuesday  in  each  month, 

Southampton*       ....  ist  and  3rd  Thursday  in  each  month. 

Sunderland*  ....  and  and  4th  Tuesday  in  each  month. 

Swansea* 1st  and  3rd  Tuesday  in  eaoh  month. 

N.B.— The  examiiiation  days  are  liable  to  oocaaioxial  alteration,  and  Candidates  are  therefore  adyiaed  to 
•ioertain  the  actual  date  from  the  Superintendent  of  the  Meroantile  Maxine  Office. 

4.  The  examinations  will  commence  early  in  the  forenoon  on  the  days  mentioned  in  the 
above  list  and  will  be  continued  from  day  to  day  until  all  the  Oandidates  whose  names 
appear  upon  the  Superintendent's  list  on  the  day  of  examination  are  examined. 

5.  Oandidates  for  examination  must  make  their  application  upon  the  appropriate  form 
(Bzn.  a.)  which  must  be  filled  up  at  a  Mercantile  Marine  Office.  The  Exo.  a.,  properly 
filled  in,  together  with  the  Oandidate's  testimonials  and  discharges,  must  be  lodged  with 
the  Local  Miarine  Board,  if  there  is  a  Local  Marine  Board  at  the  port,  and  if  there  is  not, 
with  the  Superintendent  of  the  Mercantile  Marine  Office,  not  later  than  the  day  before  the 
day  of  examination  (except  in  the  case  of  Londonf  and  Liverpool),  and  the  Candidate  must 
conform  to  any  regulations  in  this  respect  which  may  be  laid  down  by  the  Local  Marine 
Board  or  the  Board  of  Trade,  as  if  this  be  not  done,  delay  may  be  occasioned. 

6.  Tutimtmiali  of  eharaeUr,  and  iohrUty,  expemnce,  ability,  and  good  conduct  on  hoard  thip 
for  at  katt  th$  iteolpe  montht  of  service  immediately  preceding  the  date  of  applieaiion  to  be  examinedf 
ipUl  be  required  </ all  applieanie,  and  without  producing  them  no  person  will  be  examined.  As 
si|oh  testimonials  and  discharges  may  have  to  be  forward<»d  to  the  Office  of  the  Begiatrar« 
General  of  Seamen  in  London  for  verification  before  the  Oandidate  can  be  examined,  it  is 
desirable  that  they  should  be  handed  in  together  with  the  Form  £xn.  a.  as  early  as  possible. 

7.  The  testimonials  of  servitude  of  Foreigners  and  of  British  Seamen  serving  in  foreign 
vessels,  which  cannot  be  verified  by  the  Begistrar-C^eneral  of  Seamen,  must  be  confirmed 
either  by  the  Consul  of  the  country  to  which  the  ship  in  which  the  candidate  served 
belonged,  or  by  some  other  veoogniaed  official  authority  of  that  country,  or  by  the  testimony 
of  some  credible  person  on  the  spot  having  personal  knowledge  of  the  facts  required  to  be 
e^blialvid.  The  production,  however,  of  such  proofs  will  not  of  necessity  be  deemed 
s^fficiant.  Eaoh  case  will  be  decided  on  its  own  merits,  and  if  the  sufficiency  of  the  proof! 
given  appears  to  be  at  all  doubtful,  it  must  be  referred  to  the  Board  of  Trade. 

g.  Should  any  donbt  exist  as  to  the  age  of  a  Candidate^  he  will  berequired  to  produce 
aoertifioateofbirth. 

•  At  these  plaoet  lEasterB*  Sxtra  BzaminattOBs  an  held. 

•«•  At  London  appUoatlons  for  examioatlon  must  be  made  on  Fridays  from  10  tin  4,  and  on  Saturdaya 
firom  10  mi  ft. 

At  Uverpool  i^pUsations  f«r  exa^Bunatign  mnrt  be  mads  on  Wedneedays  and  Satmiays  during  office 
hours. 
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9.  ForeUmen  must  prove  to  the  satufiwixon  of  the  Examiners  that  they  can  speak  and 
write  the  English  language  snffioientlj  well  to  perform  the  duties  required  of  them  on 
board  a  BritiBh  Yeesel. 

TO.  A  Statement  of  Serrioes,  Terified  hy  the  Beg^trar-General  of  Seamen,  may  at  any 
time  be  obtatoed  by  application  to  that  officer,  upon  payment  of  a  small  fise,  the  amount 
of  whkli  will  be  regi^ated  by  the  amount  of  Service  which  is  required  to  be  yerifled. 
Delay,  laoonTenienoe,  and  disappointment  are  frequently  avoided  by  a  Oandidate  getting 
this  verification  befbrehaad. 

II.  Serrices  which  cannot  be  verified  by  proper  Entries  in  the  Articles  of  the  Ships  in 
which  the  Candidates  have  served  cannot  be  counted.  For  instance,  a  man  will  state  his 
•srrice  to  have  been  as  Second  or  Only  Mate,  and  to  support  his  assertion  wHl  produce  a 
Gertificite  of  Discharge  or  of  employment  by  the  Master,  to  the  effect  that  he  served  as 
Mate,  when  on  reference  to  the  Articles  it  appears  that  he  has  aottrally  been  rated  at 
Botttowain ;  the  serrice  in  such  a  case  will  not  be  regarded  aa  having  been  in  the  capacity 
of  Mate. 

13.  Whenever  a  man  has,  from  any  cause,  been  regularly  promoted  on  4  vacancy  in  the 
oonise  of  the  Voyage  from  the  rank  in  which  he  first  shipped,  and  such  promotion,  with 
tko  ground  on  which  it  has  been  made,  is  properly  entered  in  the  Articles  and  in  the 
Official  Log  Book,  he  will  of  course  receive  credit  for  his  service  in  the  higher  grade  for 
the  period  subsequent  to  hie  promotion. 

13.  Service  in  the  coasting  trade  may  be  allowed  to  count  as  service,  in  order  to  qualify 
a  Candidate  for  examination  for  a  Certificate  of  Competency  for  Foreign- going  Ships,  it 
being  understood,  however,  that  service  in  a  lower  grade  than  that  of  First  or  Only  M«te 
in  the  coasting  trade  will  not  be  recognised  as  officer's  service.  Two  yean'  service  aa 
Mate,  in  the  coasting  trade,  together- with  at  least  six  months'  service  as  M«ater,  may  be 
allowed  to  count  as  service  for  a  Master's  Certificate  for  Foreign-going  Ships,  provided  the 
Candidate's  entire  service  at  sea  amounts  to  six  years,  and  his  services  as  Mate  and  Master 
in  the  coasting  trade  can  be  proved  by  the  articles,  and  provided  he  has  already  paased  an 
examination  for  the  Foreign  Trade^  unless,  under  speeial  eireufMtanee§,  the  Board  of  Trade 
see  fit  to  dispense  with  this  latter  provision. 

14.  Time  for  which  Indentures  of  Apprenticeship  are  in  force  will  be  accepted  as  sen  * 
serrice,  prorided  that  the  Apprentice  has  remained  by  the  ship  all  the  time,  and  tire 
Indentures  of  the  applicant  are  endorsed  by  the  Owner  or  Master  to  whom  he  Las  been 
bound,  to  the  effect  that  he  has  performed  his  service  faithfully  for  the  whole  time  agreed 
upon  and  prorided  also  that  the  Local  Marine  Board  are  satisfied  that  no  undue  amount  of 
service  has  been  performed  on  shore.  In  the  event  of  the  Local  Board  being  of  opinion 
that  the  amount  of  service  performed  by  the  Candidate  on  shore  has  been  excessive,  they 
may  determine  how  much  farther  sea  service  shall  be  required  of  him  before  he  may 
present  himself  for  examination. 

15.  Part  of  the  time  served  on  board  a  training  ship  will  be  allowed  to  count  as  serrice 
at  sea,  prorided  that  the  Candidate  can  produce  amongst  hi^  testimonials  a  Certificate  flrom 
the  Committee  that  he  has  conducted  himself  creditably,  and  passed  a  good  examination 
in  seamanship  so  far  as  practised  in  the  training  ship  as  well  as  in  other  matters  down  to 
the  time  of  his  leaving  the  ship. 

16.  No  period  of  service  on  board  a  training  ship  will  be  allowed  to  count  toft  more  than 
one  year's  sea  serrice,  nor  can  it  be  accepted  as  equivalent  to  service  in  square-rigged ' 
ressels. 

17.  Serrice  in  Auxiliary  Screw  Whaling  Ships  and  other  Vessels  with  auxiliary  steam 
power,  which  use  their  screws  only  in  calms  or  during  light  winds,  is  considered  as  serrice 
performed  in  Sailing  Vessels.  Such  serrice  is  not  to  be  accepted  in  oases  where  serrice  on 
board  Foreign-going  Steamships  is  required. 

18.  Candidates  whose  serrices  have  been  in  capacities  other  than  Apprentice,  Ordinary 
8**aman,  or  Able  Seaman,  e.g.,  Cook,  Steward,  Carpenter,  &c.,  will  be  required  to  satisfy 
the  Board  of  Trade  or  a  Local  Marine  Board  that  they  have  a  good  knowledge  of  Sea- 
manship.   This  may  possibly  be  proved  by  the  production  of  satisfiu^tory  Certifioates  from  ^ 
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Maifen  with  wli«m  the  Applioanis  lutre  lerTed.  Ftiling  fatiafaotory  endenoe,  the 
Applicant  maj  be  required  to  perform  additional  ienrice,  which  most  be  in  the  capacity  of 
Ordinary  Seaman  or  Able  Seaman. 

19.  It  is  proTided  bj  the  Merchant  Shipping  Act,  1854  (tec.  140)1  that  every  penon 
who  makei  or  procures  to  be  made,  or  assists  in  making,  any  false  repreeentation  for  the 
purpose  of  obtaining  for  himself  or  for  any  other  person  a  Certificate  of  Ck>mpetency,  shall 
for  each  offence  be  deemed  gnilty  of  a  misdemeanor, — the  punishment  for  which  is  imprison- 
ment for  any  peried  not  exceeding  six  months,  with  or  without  hard  labour,  or  a  penalty 
not  exceeding  one  hundred  pounds. 

ao.  These  piOTisions  will  be  stricUf  mfvrtU  by  the  Board  of  Trade,  and  any  Candidate 
for  a  Certifloaie  of  Oompetency  as  Master,  or  as  First,  or  Second,  or  Only  Mate,  in  the 
Merchant  Serrice,  who  shall,  knowingly  and  fraudulently,  for  the  purpose  of  obtaining 
any  such  CertiAcate,  present  to  the  Examiner  any  **  application  to  be  examined  for  a 
Oertiflcate  of  CompeteBcy "  (Exn.  2.},  or  statutory  declaration  containing  any  false  or 
inaccurate  statement  of  serrice,  and  any  person  who  shall  knowingly  and  fraudulently 
make  or  prepare,  or  assist  in  making  or  preparing  any  such  false  or  inaccurate  statement 
will  be  pr%mcmt§i. 

sr.  If  after  a  Candidate  has  passed  his  Examination  it  is  disoorered  on  further  inTesti- 
gation,  #./.,  by  TeriAoation  on  the  part  of  the  Begistrar-(3eneral  of  Seacen,  that  his  services 
are  inenfteient  to  entitle  him  to  receiTe  a  Certiflcate  of  the  grade  tot  which  he  has  passed, 
it  will  not  be  granted  to  him;  but  if  the  Board  of  Trade  are  satisfied  that  the  error  in  the 
caleulation  of  his  asrnoes  did  not  occur  through  any  fiiult  or  wilful  misrepresentation  ou 
his  pait,  he  will  be  allowed  to  go  up  for  re-examination  without  payment  of  farther  fee 
when  he  has  performed  the  amount  of  senrioe  in  which  he  was  deficient. 

at.  If,  in  eaeh  a  oaae^  the  applicant's  senrices  are  sui&cient  to  entitle  him  to  receive  a 
Oevtifioate  of  a  lower  grade,  provided  as  aforesaid  he  has  not  wilfully  misrepresented  the 
amount  of  his  servioes,  an  Inferior  Certificate  may  be  granted  to  him,  and  the  difference, 
if  any,  between  the  fee  paid  by  him  for  the  Superior  Certificate  and  the  fee  payable  for  the 
lafaior  Certifioate  may  be  placed  to  his  credit. 

93.  In  such  a  case  when  the  applicant  has  by  further  senrioe,  made  up  the  amount  In 
wUek  he  was  £»o&d  to  be  short,  he  must,  before  he  can  reoeive  the  higher  Certifioate,  be 
liBaUthesubJeots. 


OOLOUE  BLINDNESS. 

24.  The  Board  of  Trade  have  made  the  following  arrangements  for  the  examination  of 
p«ioos  as  to  their  ability  to  distinguish  colours. 

25.  Examinatfons  in  colour  are  open  to  any  person  serving  or  about  to  serve  in  the 
Mercantile  Marine. 

s6.  Any  penoii  deeirous  of  being  examined  must  make  application  to  a  Superintendent 
of  a  Mercantile  Marine  Office  on  Form  Exn.  la,  and  pay  a  fee  of  one  shilling. 

97.  He  must  on  the  appointed  day  attend  for  examination  at  the  Examiner's  Office; 
and  if  he  passes  he  will  reoeire  a  Certifioate  to  that  effect 

sS  The  examination  of  a  Candidate  for  a  Master's  or  Mate's  Certifioate  will  commence 
wHh  the  colour  test,  and  if  he  does  not  at  the  time  of  making  application  hold  a  Certificate 
of  Competency  of  any  grade,  and  he  should  fail  to  distinguish  correctly  any  one  of  the 
colours  used  in  that  test,  he  will  not  be  allowed  to  present  himself  for  examination  in 
navigation  and  seamanship. 

29.  The  fee  he  has  paid  for  examination  for  a  Certificate  of  Competency  will  include 
the  fee  for  the  colour  test,  and,  with  the  exception  of  one  shilling,  will  be  returned  to  him. 
•  30.  A  Candidate  who  fkils  to  pass  the  test  may  be  re-examined  after  the  lapse  of  three 
months  from  the  date  of  his  first  failure.  If  he  fails  a  second  time  he  will  be  allowed  a 
third  trial  at  the  expiration  of  another  three  months  from  the  date  of  his  second  failure. 
^  fr«4h  foe  mnit  be  paid  at  eaoh  succeeding  examination. 
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31.  A  Candidate  who  holds  a  Certiflcate  of  Conipetenoy  and  who  on  presenting  himself 
lor  examination  for  a  Certificate  of  a  higher  grade  is  uoahle  to  pass  the  colour  test,  will 
notwithstanding  he  permitted  to  proceed  in  the  examination  in  nayigation  and  seamanship 
for  the  Certificate  of  the  higher  grade. 

32.  Should  he  pass  this  examination,  the  following  statement  will  he  written  on  the 
fece  of  the  higher  Certificate  which  may  he  granted  to  him,  vis. :  '*This  officer  has  failed 
to  pass  the  examination  in  colours." 

33.  Should  he  fail  to  piss  the  examination  in  Nivigation  and  Seamanship  a  like  state- 
ment, relating  to  his  heing  colour  hlind,  will  he  made  on  his  inferior  Certificate  hefore  it  is 
returned  to  him. 

34.  Holders  of  Certificates  which  hear  the  statement  of  their  hiving  failed  to  pass  in 
Colour^  find  who  mnj  desire  to  he  re-tested  in  Colours,  must  obtain  the  special  permission 
of  the  Board  of  Trade. 

35.  Ports  at  which  exami cations  in  Colour  take  place  are  as  follows  :«• 
Abbbobbk. — ^Examiner  of  Masters  and  Mates.    (Wednesday  and  Thursday  in  each  week.) 
Belfast. — ^Examiner  of  Masters  and  Mates.    (Any  day.) 

Bbistol. — Examiner  of  Masters  and  Mates.    (Second  and  fourth  Tuesday  and  following 

Wednesday  in  each  m'mth.) 
Cabdiff. — Principal  Officer  of  tht  Board  of  Trade.    (Any  day.) 
CoBX.— Examiner  of  Masters  and  Mate^.     (Any  day.) 
Dublin.— Examiner  of  Mast'^rs  and  Ma^es.     (Any  day.) 

DuvDBs. — Examiner  of  Masters  and  Mates.    (Thursday  and  Friday  in  each  week.) 
Glasgow. — Elxaminer  of  Masters  and  Mates.    (Tuesdays  and  Wednesdays  in  Examination 

weeks  for  Masters  and  Mates.) 
G&BBNOCx.-^Examiner  of  Masters  and  Mates.    (Tuesdays  and  Wednesdays  in  Examination 

weeks  for  Masters  and  Mates.) 
Hull. — ^Examiner  of  Masters  and  Mates.     (Second  and  fourth  Tuesday  and  following 

Wednesday  in  each  month.) 

Principal  Officer  of  the  B  :)ard  of  Trade.    (Any  day.) 
Lbith. — ^Examiner  of  Masters  and  Mates.    (Any  day.) 

LiYBBFOOL.— Examiner  of  Masters  and  Mates.     (Wednesday  and  Saturday  in  each  week.) 
LovDOX. — Examiner  of  Masters  and  Mates.    (Monday  and  Tuesday  ia  each  week.) 
'KoBTH  Shields. — Prinoipsl  Officer  of  the  Board  of  Trade.    (Any  day.) 
Plymouth. — Examiner  of  Masters  and  Mates.     (Any  day.) 
SouTBAiiFTON. — Superintendent  of  the  Mercantile  Marine  Office.    (Any  day.) 
South  Shiblds. — Examiner  of  Masters  and  Mates.    (Thursdays  and  Fridays  in  Examina- 
tion weeks  for  Masters  and  Mates.) 
SuNDBBLAKD. — Examiner  of  Masters  and  Mates.    (Thursdays  and  Fridays  in  Examination 

we^  for  Masters  and  Mates.) 
SwAKSBA.— Board  of  Trade  Offi'ier.    (Any  day.) 

QTJALinOATIONS  FOR  CERTIFICATES  OF  COMPETENCY 
FOR  A  "FOREIGN-GOING  SHIP." 

36.  Siaaiiiuition  in  Colours.— All  Candidates  for  Certificates  of  Competency  must  pass 
the  ezaminatimi  in  Colours. 

37.  A  8EC0VD  MATE  must  he  seventeen  years  of  age,  and  mu^t  have  heen  four  years 
at  sea.  He  must  also  prore  that  he  has  served  at  least  one  y^ar  in  a  square-rigged  sailing 
Teasel. 

3t.  In  VavlgatiOBi  Ac— He  must  write  a  legihle  hand,  and  will  he  required  to  give  in 
writing  definitions  of  Tarious  astronomical  and  other  terms  used  in  navigation.  He  must 
have  a  competent  knowledge  of  the  first  five  rules  of  arithmetic,  and  the  u^e  of  logarithms. 
He  must  he  ahle  to  work  a  day's  work  complete,  correcting  the  courses  for  deviation,  leeway, 
and  variation.  He  will  he  required  to  find  the  latitude  hy  meridian  altitude  of  the  sun, 
and  the  diffierenoo  of  longitude  from  a  given  departure  hy  parallel  sailing;  also  to  find  the 
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conne  and  distance  fron  ond  poritioa  to  another  by  Mereator's  method.  He  will  he  re« 
quired  to  find  the  time  of  high  water  at  a  given  port,  to  ohserTe  and  caloalate  the  amplitude 
or  the  snn,  and  to  find  the  error  of  the  ship's  compass  therefrom,  and  also  the  deriation, 
the  variation  beiot;  given.  He  mnst  be  able  to  find  the  daily  rate  of  the  chronometer  from 
error  observed,  and  to  find  the  longitude  from  altitnde  of  the  snn  by  the  usnal  methods. 
He  must  understand  the  use  of  the  sextant,  with  its  adjustments,  and  be  able  to  observe 
with  it,  find  the  index  error  by  the  horizon,  and  read  off  and  on  the  arc.  He  must  also 
pass  a  satisfactory  examination  in  the  International  Code  of  Signals. 

39.  In  SeaiiMuiBliip,  ftc.— He  must  give  satisfactory  answers  as  to  the  standing  and 
running  risfging  of  ships ;  as  to  bending,  unbending,  setting,  reefin?,  taking  in  and  farling 
sail;  as  to  sending  masts  and  yards  up  and  down^  Ac;  as  to  the  management  of  a  ship 
when  under  canvas;  and  as  to  dunnnging  and  stowing  cargo,  &o.  He  must  have  a 
thorough  knowledge  of  the  rule  of  the  road  as  regards  both  steamers  and  sailing  vessels, 
their  regulation  lights,  and  fog,  and  sound  signals,  and  be  abln  to  dHscribe  the  signals  o^ 
distress,  and  the  signals  to  be  made  by  ships  wanting  a  pilot,  and  the  liabilities  and  penalties 
incurred  by  the  misuse  of  these  sii^nals.  He  must  be  able  to  mark  and  use  the  lead  and 
log  lines.  He  must  also  understand  the  use  and  management  of  the  rocket  apparatus  in 
the  event  of  his  vessel  being  stranded,  and  other  questions  of  a  like  nature,  appertaining  to 
the  duties  of  the  Second  Mate  of  a  ship,  which  the  Examiner  may  think  necessary  to  put 
to  him.  He  will  also  be  required  to  give  satisfactory  answers  as  to  his  knowledge  of  the 
additional  subjects  (applying  more  particularly  to  steamships)  which  are  specified  in  the 
Rules  of  Examination  for  Second  Mates'  Certificates  of  Competency  for  Foreign-going 
Steamships. 

40.  An  ONIT  or  7IBBT  MATS.— An  Only  Mate  must  be  nineteen  years  of  aj^e,  and 
mnst  have  served  five  years  at  sea.  A  First  Mate  must  be  nineteen  years  of  age,  and  mnst 
have  served  five  years  at  sea,  of  which  one  year  must  have  been  as  Second  or  Only  Mate. 
He  must  also  prove  that  he  has  served  at  least  one  year  in  a  square-rigged  sailing  vessel. 

4T.  In  Navigation. — Tn  addition  to  the  qualifications  required  for  a  Second  Mate,  an 
Only  or  First  Mate  must  be  able  to  find  the  true  bearing  of  the  sun  and  the  error  of  the 
ship's  compass  from  an  observed  azimuth  of  the  sun,  both  from  an  altitude  and  also  from 
the  ^'Time  Aeimuth  Tables,"  and  with  the  variation  given  compute  the  deviation;  to  find 
the  latitude  from  a  single  altitnde  of  the  snn  off  the  meridian,  and  to  be  able  to  use  and 
adjust  the  sextant,  and  to  find  the  index  error  by  the  sun ;  and  also  to  ascert lin  the  true 
bearing  of  the  sun,  Ac,  and  the  ship's  position  by  Sumner's  method  by  projection.  He 
must  also  be  conversant  with  the  use  of  Mercator's  Chart,  and  be  able  to  find,  on  either  a 
"true"  or  ** magnetic*'  chart,  the  course  to  steer  and  the  distance  from  one  given  position 
to  another;  and  find  the  ship's  position  on  the  chart  from  cross  bearings  of  two  objects; 
from  two  bearings  of  the  same  object,  the  course  and  distance  between  the  bearings  being 
given ;  and  also  the  distance  of  ship  from  the  object  at  the  time  of  taking  the  second  bearing. 
He  must  also  understand  how  to  keep  a  ship's  Log  Book. 

4a.  In  Seamanship,  4c.-»In  adiition  to  the  qualifications  required  for  a  Seoond  Mate, 
a  more  extensive  knowledge  of  seamanship  will  be  required,  as  to  shifting  large  spars 
rigging  sheers,  taking  lowermasts  in  and  out,  how  to  moor  and  unmoor  ship,  and  to  keep 
a  clear  anchor ;  to  carry  out  an  anchor ;  how  to  manage  a  ship  in  stormy  weather ;  how  to 
cast  a  ship  on  a  lee  shore ;  how  to  secure  the  masts  in  the  event  of  accident  to  the  bowsprit; 
a'id'how  to  rig  purchases  for  getting  heavy  weights,  anchors,  machinery,  ftc,  in  and  ontr 
He  must  give  satisfactory  answers  as  to  the  ventilation  of  holds  and  the  stowage  of  explosives. 
He  must  also  know  how  to  rig  a  sea  anchor,  and  what  means  to  apply  to  keep  a  vessel 
disabled  or  unmanageable  out  of  the  trouo^h  of  the  sea,  and  lessen  her  lee  drift.  How  to 
get  a  oast  of  deep  sea  lead  in  heavy  weather ;  and  answer  any  other  questions  appertaining 
to  the  duties  of  an  Only  or  First  Mate  of  a  ship  which  the  Examiner  may  think  necessary 
to  put  to  him.  He  will  also  be  required  to  give  satisfactory  answers  as  to  his  knowledge 
of  the  additional  subjects  (applying  more  particularly  to  steamships)  which  are  specified  in 
the  Rules  of  Examination  for  Only  and  First  Mates'  Certificates  of  Competency  for  Foreign- 
going  Steamships, 
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43.  A  ICASnB  must  be  twenty-one  yean  of  age,  and  have  been  six  years  at  sea,  o£ 
which  one  year  miut  hare  been  as  First  or  Only  Mate  in  a  Foreign-going  Ship,  and  one 
year  as  Second  or  Only  Mate ;  or  he  mnat  have  been  six  and  a  half  years  at  sea,  of  whioh 
two  aad  a  half  years  most  hare  been  as  Second  Mate  of  a  Foreign-going  Ship,  during  the 
hat  fewelT«  nsMiths  of  whioh  serrioe  a9  Second  Mate  he  mnst  have  been  in  poAsessioa  of  a 
Ilnfc  Mate's  Oertifioate.  He  must  also  prove  that  he  has  served  at  least  one  year  in  a 
aqnare-xigged  sailing  vatsel  in  the  cafMoity  of  either  Apprentice,  Seaman,  Mate,  or  Master. 

44.  In  VaTigatiem.^In  additioa  to  the  qnalifloatioM  reqaired  for  a  Second,  Only,  and 
First  Mate  he  mnst  be  able  to  compnto  the  latitude  from  the  meridian  altitude  of  a  star, 
fto.  He  must  he  able  to  find  the  magnetic  bearing  from  equidisUnt  compass  bearinga  of 
any  fixed  object  when  at  sea,  and  compute  the  deviation  therefrom.  He  must  constmet  a 
deviation  curve  upon  a  "  Napier's"  diagram  which  will  be  furnished  by  the  Examiner, and 
nndeistand  the  practical  application  of  the  same,  and  give  written  answera  to  certain 
practical  questions  on  the  eflfect  of  the  ship's  iron  upon  the  compasses,  the  method  of 
determining  the  deviation,  and  compensating  same  by  magnets  and  soft  iron.  He  will  be 
required  to  find  the  course  to  steer  by  compass  in  order  to  counteract  the  effect  of  a  given 
current,  and  find  the  distance  the  ship  will  make  good  towards  a  given  point  in  a  certain 
time,  and  to  work  out  practically  the  correction  to  apply  to  soundings  taken  at  a  given  time 
and  place,  to  compare  with  the  depth  marked  on  the  chart. 

45.  In  Seanaaahip.— In  addition  to  the  qualifications  required  of  a  Second,  Only,  and 
First  Mate,  he  must  be  able  to  construct  jury  rudders  for  both  wooden  and  iron  vessels,  and 
also  rafts.  He  will  be  examined  as  to  his  resources  for  the  preservation  of  the  ship's  crew 
in  ike  event  of  a  wreck ;  as  to  the  management  of  ships  in  heavy  weather ;  as  to  the  rescuing 
the  crew  of  a  disabled  ship;  as  to  steps  to  be  taken  when  a  ship  is  on  her  beam  ends,  or  in 
any  danger  or  difficulty ;  or  if  disabled  or  unmanai^eable  and  en  a  lee  shore ;  heaving  a 
heel  out,  ko.  He  must  explain  the  mode  of  procedure  when  placing  ship  in  dry  dock 
directing  repairs,  and  if  putting  into  port  in  distress  with  damage  to  cargo  and  ship.  He 
must  poeseas  a  sufficient  knowledge  of  what  be  is  required  to  do  by  law,  as  to  entry  and 
discharge,  and  the  management  of  his  crew,  and  as  to  penalties,  and  entries  to  ba  m»de  in 
the  official  log,  and  a  knowledge  of  the  measures  for  preventing  and  checking  the  outbreak 
of  scurvy  on  board  ship,  and  the  law  as  to  the  load  line  mirks  and  the  entries  and  reports 
to  be  made  respecting  them.  He  will  be  questioned  as  to  his  knowledge  of  invoices,  charter 
party,  bills  of  lading,  Lloyd's  agent,  and  as  to  the  nature  of  bottomry,  also  bills  of  exchange 
■urveys.  averages,  &c.,  and  must  answer  any  other  questions  of  a  like  nature  appertaining 
to  the  management  of  a  ship  whioh  the  Examiner  may  consider  it  necessary  to  touch  upon. 
He  will  also  be  required  to  give  satisfactory  answers  as  to  his  knowledge  of  the  additional 
subjects  (applying  more  particuUrly  to  steamships)  which  are  specified  in  the  liules  of 
Examination  for  Masters*  Certificates  of  Competency  for  Foreign-going  Steamships. 

CERTIFICATES  FOR  FORE  AND  AFT  RIGGED  VESSELS. 

45.  Certificates  for  the  grades  of  Master,  First  Mate,  Only  Mate,  and  Second  Mate,  on 
which  the  words  '*  for  Fore  and  Aft  rie:ged  vessels  only  "  will  be  written,  will  be  issued  to 
OandidateB  who  have  not  corapliAd  with  the  regulation  which  requires  them  to  have  served 
•fc  least  one  year  in  square-rigged  tailinp  vessels,  or  who  prove  in  course  of  examination 
^^t  they  are  ignorant  of  the  management  of  square-rigged  ships. 

47.  A  certificate  "for  Fore  and  Aft  rigged  vessels  only  "  will  not  entitle  the  possessor 
to  act  in  a  capacity  for  which  a  certificate  is  required  in  square-risfged  vessels,  amongst 
which  are  dassed  full-rigged  ships,  barques,  brigs,  barquentines,  brigantines,  and  steam 
ships  carrying  square  sails. 

48.  A  Candidate  possessing  a  certificate  "  for  Fore  and  Aft  rigged  vessels  only,*'  and 
d(^irin4  to  obtain  an  ordinary  certificate  of  the  same  grade,  must  prove  that  he  hns  served 
at  aea  at  least  one  year  in  a  square-rigged  saiiin^  vessel,  and  will  be  ve-e^amined  both  in 
navigjtiiion  an4  9^*mADBh\p. 
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QUALIFICATIONS  FOR  CEBTIFI0ATE8  OF  COMPETENCY  FOB 
FOREIGN-GOING  STEAMSHIPS  ONLY. 

49.  Gertifioates  of  Oompetenoj  will  be  issued,  sabject  to  the  examinatioiif  herein-after 
described,  for  officers  who  have  served  in  steamships,  and  who,  owing  to  absence  of  service 
In  square-rigged  sailing  ships,  cannot  under  the  existing  regulations  obtain  Gertifioatei  of 
Competency  to  act  in  the  capacity  of  Matters  or  Mates  of  bquare-rigged  steamships. 

50.  These  oertifioales  will  entitle  the  holders  to  go  to  sea  as  Masters  and  Mates  of 
foreign-going  steamships,  but  will  not  entitle  the  holders  to  go  to  sea  at  Mattwi  or  Mates 
of  foreign-going  sailing  ships. 

51.  There  will  be  no  disiinotion  in  respect  of  *<Foro  and  Aft"  and  '<Sqoare-rig^" 
steamships. 

52.  Examination  in  Coloiirs.~All  Oandidates  for  Oertificales  of  Ck>mpeteQoy  must  pass 
the  examination  in  Colours. 

53.  A  8E0OVD  MATE  must  be  1 7  years  of  age,  and  must  have  been  four  years  at  sea. 

54.  In  Kavigation,  4o. — He  must  write  a  legible  hand,  and  will  be  required  to  give  in 
writing  definitions  of  various  aetronomioal  and  other  terms  used  in  navigation.  He  must 
have  a  competent  knowledge  of  the  first  five  rules  of  arithmetic,  and  the  use  of  logarithms. 
He  must  be  able  to  work  a  day*s  work  complete,  correcting  the  courses  for  deviation,  lee- 
way, and  variation.  He  will  be  required  to  find  the  latitude  by  meridian  altitude  of  the 
sun,  and  the  diflTerenee  of  longitude  from  a  given  departure  by  parallel  sailing ;  also  to  find 
the  course  and  distance  from  one  position  to  another  by  Mercator's  method.  He  will  be 
required  to  find  the  time  of  high  water  at  a  given  port,  to  observe  and  calculate  the  ampli- 
tude of  the  sun,  and  to  find  the  error  of  the  ship's  compass  therefrom,  and  also  the  deviation, 
the  variation  being  given.  He  must  be  able  to  find  the  daily  rate  of  the  chronometer  from 
error  observed,  and  to  find  the  longitude  from  altitude  of  the  sun  by  the  usual  methods. 
He  must  understand  the  use  of  the  sextant  with  its  adjustments,  and  be  able  to  observe 
with  it,  find  the  index  error  by  the  horizon,  and  read  off  and  on  the  aro-  He  must  also 
pass  a  satisfactory  examination  in  the  International  Code  of  Signals. 

55.  In  Seamanship,  ftc.— He  must  give  satisfactory  answers  as  to  the  standing  and 
running  ringing  of  Steamships ;  aa  to  bending,  unbending,  setting,  reefing,  taking  in  and 
furling  sail ;  as  to  sending  maste  and  yards  up  and  down,  &c.,  &c. ;  as  to  seeing  everything 
in  readiness  and  clear  for  getting  under  way,  and  as  to  the  precautions  to  be  then  observed 
with  regard  to  engines,  propeller,  &c. ;  as  to  the  management  of  a  steamship  when  under 
canvas :  and  as  to  dunnaging  and  stowing  cargo,  Ac  He  muat  have  a  thorough  knowledge 
of  the  rule  of  the  road  as  regards  both  steamers  and  sailing  vessels,  their  regulation  lights, 
and  fog,  and  sound  signals,  and  be  able  to  describe  the  signals  of  distress,  aiid  the  signala 
to  be  made  by  ships  wanting  a  pilot,  and  the  liabilities  and  penalties  incurred  by  the  misuse 
of  these  signaU.  He  must  be  able  to  mark  and  use  the  lead  and  log  lines.  He  must  also 
understand  the  construction,  use,  and  action  of  the  sluices,  and  of  the  water-ballast  tanks, 
engine  room  telegraph,  Ac. ;  the  use  and  management  of  the  racket  apparatus  in  the  event 
of  his  vessel  being  stranded,  and  other  questions  of  a  like  nature,  appertaining  to  the  duties 
of  the  Second  Mate  of  a  steamship,  which  the  Examiner  may  think  necessary  to  put  to  him. 

56.  An  OHLY  or  FIESI  MATS. — An  Only  Mate  muat  be  19  years  of  age^and  must 
have  served  five  yeard  at  sea.  A  First  Mate  must  be  19  years  of  asre  and  must  have  served 
five  years  at  sea,  of  which  one  year  must  have  been  aa  Second  or  Only  Mate  of  a  foreign- 
going  steamship. 

57.  In  Kavigation. — In  addition  to  the  qualifications  required  for  a  Second  Mate,  an 
Only  or  First  Mate  must  be  able  to  find  the  true  bearing  of  the  sun  and  the  error  of  the 
shin^B  compass  from  an  observed  azimuth  of  the  sun,  both  from  an  altitude  and  also  from 
the  **Time  Aaimuth  Tables,"  and  with  the  variation  given  compute  the  deviation ;  to  find 
the  latitude  irom  a  single  altitude  of  the  sun  off  the  meridian,  and  be  able  to  use  and  adjust 
the  sextant,  and  to  find  the  index  error  by  the  sun ;  and  also  to  asoertain  the  true  bearing 
of  the  sun,  Ac,  and  the  ship's  position  by  Sumner's  Mdthod  by  Projection.  He  must  also 
^  oonversant  with  the  use  of  Meroator't  chart  and  be  able  to  fii^d,  on  either  a  «'trqo"  or 
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^^inagnctto"  ohaH^  the  eowM  to  aiear  and  the  dutuicd  from  one  given  pofiiion  to  ftnether ; 
and  find  the  ihip'a  position  on  the  chart  from  croaa  bevdngf  of  two  eVjeoti;  from  two 
beeringe  of  the  same  object,  the  course  and  diatance  between  the  bearinga  being  giyen ;  and 
also  the  distance  of  ship  from  the  object  at  the  time  of  taking  the  second  bearing.  He 
most  also  understand  how  to  keep  a  ship's  Log  Book. 

58.  In  8eananship.^In  iidditlon  to  the  qaalifioations  required  for  a  Second  Mate^  a 
more  extensiye  knowledge  of  mwrnanehip  will  be  required,  as  to  shifting  laige  spars,  rigging 
sheers,  taking  lower  masts  in  and  out,  how  to  moor  and  unmoor  ship  and  to  keep  a  dear 
anchor,  to  carry  out  an  anchor;  how  to  manage  a  steamship  in  stormy  weather,  and  how 
to  rig  purchases  &r  getting  heayy  weights,  anchors,  machinerji  &c.,  in  and  oat.  He  must 
gire  Bxtisfactory  answers  as  to  the  ventilation  of  holds,  and  the  stowage  of  axplosives.  He 
must  be  able  to  describe  the  effects  of  the  screw  race  upon  the  rudder ;  and  the  effect  pro« 
duoed  on  the  direotion  of  the  head  of  the  ship  by  going  [ahead]  [astern]  with  a  [right] 
[lefi]  handed  screw  when  the  rudder  is  [ported]  [starboarded].  He  most  also  know  how 
to  rig  a  sea  anchor,  and  what  means  to  apply  to  keep  a  steamer  with  machinery  disabled 
out  of  the  trough  of  the  sea,  and  lessen  her  lee  drift.  How  to  turn  a  steamship  short  round ; 
how  to  get  cast  of  deep  sea  lead  in  heayy  weather,  and  other  questions  of  a  like  nature 
appertainixig  to  the  duties  of  an  Only  or  First  Mate  of  a  yteamship,  which  the  Examiner 
may  think  neoessary  to  put  to  him. 

59.  A  MA8TXR  most  he  21  years  of  age,  and  have  been  six  years  at  sea,  of  whiah  oae 
year  maft  ham  baon  as  JKnt  or  Only  Mate  in  a  Foreign*goiQg  fiteamship,  and  ana  year  as 
Second  or  Only  Mate;  or  he  must  haye  been  six  and  a  half  years  ai  sea,  of  which  two  aad 
a  half  years  OMut  have  baen  as  Second  or  Only  Mate  in  a  Foreign-gamg  fltaamshtp,  dosing 
tlM  last  IS  aoatlM  of  wMeh  he  mast  have  beep  in  possession  of  a  First  Mate's  CertJMicaita. 

60.  In  Vayigatiaa.— In  addi^on  to  the  qualiflealions  required  for  a  Second,  Only^  aM 
Tint  Hate,  he  mqst  he  able  to  oompute  the  latitude  from  the  meridian  altitude  of  a  ftar, 
ftc. ;  he  must  be  able  to  find  the  megnetio  bearing  from  equidistant  compass  bsyuiags  of 
any  fixal  object  when  at  sea»  and  oompute  the  deviation  therefrom.  He  must  construct  a 
dsviation  anrre  upon  a  **Napier*s"  diagram  which  will  be  furnished  by  the  Examiner,  and 
nndentand  the  praotioal  applicatioa  of  the  a^ooa,  and  giye  written  answers  to  certain 
practical  questions  on  the  effect  of  the  ship's  iron  upon  the  compasses,  the  method  of  deter* 
mining  the  deviation,  and  compensating  same  by  magnets  and  soft  iron .  He  will  bo  required 
to  find  the  eouiae  to  steer  by  compass  in  order  to  counteract  the  effect  of  a  given  current 
and  find  the  distance  the  ship  will  make  good  towards  a  given  point  in  a  certain  time,  and 
to  work  ottt  pradtioaUy  the  oexrection  to  apply  to  sonndings  tak^n  at  a  given  time  and  pilac^ 
fo  compare  with  the  depth  marked  on  the  chart. 

61.  la  Seaaaashif ,  As.— In  addilien  to  the  qoalifieations  required  of  a  Second,  Only, 
tad  Kst  Mate,  he  must  be  able  to  eoaetraot  raits  and  juicy  ruddeis  sulAable  fo  n  sarasr 
gteamship.  He  will  be  examined  as  to  his  reeomees  fo  the  preservation  of  the  ship's  orew 
in  the  event  of  wreck;  as  to  the  nuiAagement  of  steamships  in  heavy  weather;  as  to 
posoniii:  the  rrrr  of  a  disabled  ship;  as  to  steps  to  be  taken  when  a  ship  ie  on  her  beam 
ends;  or  i|  disabled  and  on  a  lae  shore.  How  to  use  steam  qipli^oes  in  the  eyent  of  firoi 
and  the  heat  arcanfeoient  for  towing  vessels  under  different  circnm^taneef,  pla^ung  shijp  in 
dry  dock,  directing  repairs,  and  the  mode  of  procedure  if  putting  into  port  in  distress  with 
damage  to  cargo  and  ship.  He  must  possess  a  sulScient  knowledge  of  whet  ho  jb  required 
to  do  by  law,  as  to  entry  and  discharge,  and  the  management  of  his  orew,  and  as  to  penalti^ 
imd  entries  to  be  made  in  the  offioial  log,  and  a  knowledge  of  the  me^ores  for  pfcventiog 
end  obecldng  the  outbreak  of  scurvy  on  board  ship,  and  the  law  as  to  load  line  m«rks,  and 
the  entries  and  reports  to  be  made  respecting  Ihem.  He  will  be  questioned  as  to  his 
knowledge  of  invoices,  charter-party,  biUs  of  lading,  Lloyd's  agen^  and  |ui  to  the  nature 
of  bottomry,  also  bills  of  exchange,  surveys,  avenges,  &c.,  and  answer  any  ofhfix  questions 
af  a  like  natarr,  appertaining  to  the  manageraant  of  a  steamship,  which  the  Exapiiner  may 
attuMMP  it  neoMMry  to  touch  upon. 
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0TJALIFI0ATI0N8  FOE  0EETIFI0ATE8  OF  COMPETENCY 
FOE  A  "HOME  TEADE  PA88ENGEE  8HIP." 
6s.    All  dandidates  for  Oertificates  of  Competencj  must  pasf  the  examination  in  Colonra. 

63.  A  MATE  most  be  19  yean  of  age,  and  have  Berred  four  years  at  sea. 

64.  In  Vavigation,  Ao.^He  moat  write  a  legible  hand,  and  understand  the«<fir8t  five 
tnles  of  arithaietio.  He  most  be  able  to  take  a  bearing  by  compasSy  and  be  conversant 
with  the  use  of  Meroator*s  Chart,  and  be  able  to  find,  on  either  a  '*trae"  or  ''magnetic" 
chart,  the  coarse  to  steer,  and  the  distance  from  one  given  position  to  another ;  to  find  the 
ship's  position  on  the  chart  from  cross  bearings  of  two  objects ;  from  two  bearings  of  the 
same  object,  the  coarse  and  distance  between  the  bearings  being  given ;  and  also  to  find 
the  distanoe  of  the  ship  from  the  object  at  the  time  of  taking  the  second  bearing. 

^l.    He  mast  also  pass  an  examination  in  the  International  Code  of  Signals. 

(iS.  In  Seaauuiship,  4o. — He  mast  possess  a  thoroagh  knowledge  of  the  Hale  of  the 
Boad  as  regards  both  steamers  and  sailing  vessels,  their  regalation  lights,  and  fog,  and 
soand  signals.  He  mast  be  able  to  describe  the  signals  of  distress,  and  the  signals  to  be 
made  by  ships  wanting  a  pilot,  and  the  liabilities  and  penalties,  incarred  by  the  misose  of 
these  signals ;  also  the  use  and  management  of  the  Bocket  Apparatus  in  the  event  of  his 
vessel  being  stranded.  He  mast  be  able  to  mark  and  ase  the  lead  and  log  lines,  to  moor 
and  unmoor  a  vessel,  ftc,  &c.  He  must  also  understand  the  construction,  use,  and  action 
of  the  bulkhead  sluices,  the  engine-room  telegraph,  &c,  and  to  answer  any  other  questions 
of  a  like  nature  appertaining  to  tiie  duties  of  the  Mate*of  a  Home  Trade  Passenger  Vessel 
which  the  Examiner  may  think  proper  to  put  to  him. 

67.  A  1EA8TBK  must  be  ao  years  of  age^  and  have  served  five  yean  at  sea,  of  wUeh 
one  year  must  have  been  as  Fint  or  Only  Mate  in  the  Home  or  Foraign  Trade,  daring 
which  service  he  must  have  been  in  possession  of  a  Mate's  Certificate  for  Home  Trade 

'  Passenger  Ships  or  of  a  First  or  Only  Mate's  Certificate  for  Foreign-going  Ships. 

68.  In  Vavigatiott,  fte.-*In  addition  to  the  qualifications  required  of  a  Mate  of  a  Home 
Tnde  Passenger  Ship,  a  Master  will  be  required  to  find  on  a  chart  the  coarse  to  steer  by 
compass  in  order  to  oounteract  the  effect  of  a  given  current,  and  to  find  the  distanoe  the 

'  ship  will  make  good  towards  a  given  point  in  a  certain  time,  and  to  wwk  out  proHicaUy  the 
correction  to  apply  to  soundings  taken  at  a  given  time  and  plaoe^  to  compare  with  the 
'  depth  marked  on  the  chart,  Ac. 

69.  In  B6aiHiits1iip.-*In  addition  to  the  qualifications  required  of  a  Mate  of  a  Home 
^Arade  Passenger  Ship,  a  Master  must  undentand  how  to  rig  a  sea  anchor,  and  what  means 

'  to  apply  to  keep  a  steamer  with  machinery  disabled  out  of  the  trough  of  the  sea,  ftc.  How 
to  get  a  cast  of  the  lead  in  heavy  weather,  &c  He  will  be  examined  as  to  his  resouroeb 
lor  the  preservation  of  the  crew  and  passengen  in  the  event  of  wreck,  and  the  steps  to  be 
taken  if  his  vessel  is  disabled  and  drifting  towards  a  lee  shore^  and  will  be  required  to 
answer  any  other  questions  appertaining  to  the  management  of  a  Home  Trade  I^eoger 
Teasel  which  fiie  Examiner  may  think  necessary  to  put  to  him. 

FAJLUEE. 

70.  In  all  cases  of  ftilure  the  Candidate  must  be  examined  d$  novo.    If  a  Candidate  fitils 
'  in  Swmamkip  he  will  not  be  re-examined  untU  afUr  a  lapoo  of  six  months.    MThether  the 

whole  or  part  of  fltis  period  must  be  served  at  sea  must  depend  upon  the  subjects  in 
Seamanship  in  which  the  Candidate  failed,  but  what  amount  (if  any)  of  sea  service  will  be 
nquired  wiH  be  left  to  the  discretion  of  the  Local  Marine  Board,  subject,  however,  to  re« 
vision  by  the  Board  of  Trade,  should  they  see  fit. 

71.  The  Examiner  in  making  out  his  Beport  on  Form  Esn.  14,  should  state  what 
amount  0f  any)  of  further  sea  service  the  Candidate  must  perform,  and  he  should  als3 
insert  this  information  under  Bivision  H.  in  Form  Exn.  2. 

72.  If  he  fiuls  three  times  in  Navigation  he  will  not  be  re-examined  until  after  a  lapse 
of  THRXB  xoims  from  the  date  of  the  iatifailuro, 

73.  If  a  Candidate  has  failed  in  his  Examination,  but  the  subjects  in  which  he  has  fkiled 
ue  not  included  in  the  sabjects  required  for  a  Certificate  of  a  lower  grade,  he  mav,  if  h^ 
49sire8  itf  reoeiTe  a  Certificate  of  n^oh  lower  grade^ 
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74.  No  ptrt,  howeTer,  of  tho  fee  he  has  p«id  will  be  returned  to  him,  and  on  presentiag 
fainiael^  when  entitled,  for  re-examination  for  the  higher  grade  of  Certificate  he  will  be 
required  to  pay  a  further  fall  fee. 

FEES. 

75.  Candidates  for  examination,  in  mating  their  applioation  on  Form  Exn.  s,  will  be 
reqnired  to  pay  the  examination  fee  before  any  step  is  taken,  whether  by  enqniring  into 
their  serriees  or  testing  their  qnalifications,  fto.  Shonid  it  be  found  that  their  service  is 
not  snflSdent  to  entitle  them  to  be  examined,  or  should  their  testimonials  be  nnsatisfaotory, 
or  should  they  from  any  other  cause  not  be  examined,  no  part  of  the  fee  will  be  returned  to 
them,  but  when  they  hare  fulfilled  the  requisite  serrice,  or  are  able  to  prodnoe  satisfactory 
testimonials,  as  the  case  may  be,  they  will  be  allowed  to  ag\in  present  themselres  for 
examination  for  a  oertifisate  of  the  same  grade  without  paying  any  further  fee. 

76.  The  fee  for  examination  must  be  paid  to  the  Superintendent  of  the  Mercantile 
BI<irine  Office  in  the  cash  office.  In  any  case  in  which  a  Candidate  offers  money  to  any 
other  officer  than  a  Superintendent,  and  in  any  place  but  in  the  cash  office,  the  Candidate 
BO  offering  money  will  be  regarded  as  having  committed  an  set  of  misconduct,  and  will  be 
r^ec*ed,  and  not  allowed  to  be  again  examined  for  twelve  months  either  at  the  port  where 
the  offence  was  committed,  or  at  any  other  port. 

77.  If  a  Candidate  fail  in  his  examination  no  part  of  ihe/e$  wiU  h$  r$tumed  to  Aim. 
The  fees  are  as  follow  :— 

FOB  "FOBSIOV-OOnrO  8HIF8." 

Second  Mate £1^0 

First  and  Only  Mate,  if  previously  possessing  an 
inferior  certificate,  either  granted  by  the  Board  of 
Trade,  or  by  the  Government  of  a  British  posses- 
sion vndir  mction  S  Mrrehant  Shipping  (OoUmMJ 
Ad,  1S69"  .       •        •        •        •        .        •        o  10    o 

If  not      ••• 100 

Master 200 

Where  a  Candidate  is  in  possession  of  a  Certificate 
for  Fore  and  Aft  rigged  Vessels ;  for  an  Ordinary 
or  Steamship  Certificate  of  the  same  grade      •      Half  the  usual  fee. 

Master  Extra,  if  possessing  an  Ordinary  Master's 
Certificate,  first  attempt Nil. 

Master  Extra,  for  every  subsequent  attempt    .        .        100* 

FOB  "HOME  TBADE  PASSEKOEB  SHIPS." 

Mate ifo  10    o 

Master 100 

FOB  VOLVVTABT  EXAKHTATIOH  IV  STEAK. 

Mate  (Only,  or  First) /i    o    o 

Master 100 

FOB  YOLTTHTABT  EZAMIEATIOH  IE  DEVIATIOE  OF  THE  OOXPASS. 

Male  (Second,  Only,  or  First)         .        .        .       .£100 
Master 100 

FOB  "PLEASUBE  TACHT8." 

Master £100 

KoTB.— Ko  abatement  will  be  made  in  the  fae  charged  to  a  Cindidate  for  a  Certificate 
for  Foreign-going  Ships  in  consequence  of  his  possessing  a  Master's  or  Mate's  Certificate 
for  Home  Trade  Passenger  Ships. 

•  If  the  examfnation  fjr  the  Extrm  Mastei's  Oertiflcate  talrra  plMe  at  flie  same  time  as  the  examination 
f  3r  th«  Ordinaiy  Halter's  Certificate  the  tumal  fee  for  the  Ordinarr  Certifloite  must  be  paid,  though  no  fee 
will  be  charged  for  the  Extra  Examinatioa  on  the  flr«t  attempt.  On  all  subsequent  attempts  the  fee  of  one 
poond  will  be  ehamd  for  the  Extra  Examination  in  addition  to  any  flurther  charge  irhich  may  hsTe  been 
fr— *"^  thiengh  wue  ta  yaaa  the  Ocdaaary  Kwamlnatinn. 
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COLOHIAL  OEETIPtOATES,  ftc. 

78.  tinder  aeotion  8  of  the  "Merchant  Shipping  (Colonial)  Act,  1869,"  and  snlijeot  t« 
certain  conditions,  Her  Majesty  may,  by  Order  in  Oonncil,  authorise  the  Governmenta  of 
British  Possessions  to  grant  Gertifioates  of  CompeUney^  which  shall  be  of  the  same  force  as 
Oertiflcates  of  Competency  granted  by  the  Board  of  Trade. 

79.  This  advantage  hai  already  been  extended  to  oerUin  of  the  Certificates  granted  by 
the  GoterniMiili  of  the  following  British  Possessions,  Tis.  :— 

Victoria.  Maltt.  NewfonndUnd. 

Canada.  Sonth  AoBtralia.  Bombay. 

Kew  Zealand.  Tasmania.  Qaeenstond. 

New  South  Wales.  Bengal. 

80.  The  holder  of  an  Ordinary  Colonial  Certificate,  t.«.,  a  Certificate  for  Foreign-going 
6hip8,  not  granted  under  the  "Merchant  Shipping  (Colonial)  Act,  1869/'  desirous  of  being 
examined  for  ah  imperial  Certificate  of  the  same  grade,  must  prove  that  he  has  performed 
the  amount  of  service  required  by  the  Eegulations  to  entitle  him  to  hold  such  a  Certificate. 
He  must  also  produce  satisfactory  testimonials  as  to  character  for  at  least  the  12  months 
immediately  preceding  his  application  to  be  examined. 

8r.  No  £90  will  be  demanded  for  the  first  attempt.  If,  however,  the  Candidate  fails  to 
pass  his  examination  the  nsnal  fee  should  be  demanded  on  any  subsequent  attempt 

%i.  Persons  who  hold  Certificates  of  Competency  obtained  after  an  examination  passed 
on  board  one  of  Her  Majesty's  Ships  can  also  be  examined  without  paying  any  fee  the  first 


GENEEAL  INSTBUOTIONS  TO  EXAMINEBi3  AND  CANDIDATES. 

83.  Before  commencing  the  examination,  the  tables  or  desks  must  be  cleared  of  all 
scraps  of  paper,  or  books  th^t  i^re  no.t  used  in  the  exam^isitiop,  and  care  should  be  taken 
that  the  Candidates  do  not  bring  into  the  examination  room  any  book,  paper,  document^  or 
memoranda  of  any  description  whatever.  No  person  whatever  should  be  allowed  in  the 
room  during  the  time  of  examination  but  those  whose  duties  require  them  to  be  present 

84.  No  instructors  will  be  allowed  on  the  premises. 

85.  Candidates  will  under  no  pretence  whatever  be  allowed  to  leave  the  premises  whUe 
the  examination  ij  proceeding.  If  they  h%ve  occasion  to  visit  the  retiring  room  they  will 
be  required  to  enter  in  a  book,  kept  for  the  purpose,  the  exact  times  of  their  leaving  and 
returning  to  the  examination  room.  At  ports  where  only  a  few  Candidates  are  under  ex* 
amination,  two  persons  will  not  be  allowed  to  leave  the  room  at  the  same  time. 

86.  Candidates  should  be  so  placed  as  to  prevent  one  coj^ying  from  the  other,  and  no 
communication  whatever  between  the  Candidates  should  be  allowed. 

87.  If  any  blotting  paper  is  allowed  it  should  be  black ;  and  when  the  first  examination 
paper  is  issued,  each  Candidate  should  be  furnished  with  a  piece  which  must  be  returned 
to  the  Examiner  upon  the  completion  of  the  last  paper. 

88.  The  examination  papers  should  be  issued  to  the  Caniidates  in  half  sheets  only,  and 
one  at  a  time.  This  will  prevent  a  Candidate  from  spreading  out  the  sheets  on  the  table  in 
an  apparently  careless  manner,  but  so  as  to  enable  hU  nearest  neighbour  to  look  over  and 
copy,  or  examine  the  problems.  It  will  also  enable  the  Examiner  to  look  over  and  report 
upon  the  work  on  one  half  sheet,  while  the  Candidate  is  at  work  upon  another,  and  so  on. 
When  the  errors  are  not  too  numerous,  or  when  they  are  not  from  ignorance  of  the  subject, 
the  inorrect  problems  may  be  retamed  to  the  Candidate  for  correction,  but  in  no  case 
should  t>ie  errors  be  pointed  out  by  the  Examiner,  nmther  should  any  marks  be  made  on 
tho  correct  work  of  the  problem,  which  would  at  once  indicate  how  far  or  to  what  extent 
the  work  is  correct.  Should  the  problems  be  returned  to  the  Examiner  the  second  time 
inci  rreot,  this  would  be  a  failure ;  and  as  the  time  allowed  is  considered  ample  for  working 
out  the  pipers  carefully,  this  rule  is  expected  to  be  strictly  observed^ 
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89.  At  tlkOTe  ^rti  wfaere^  froa  lk«  Urge  n«iiib«r  6f  th^  Oandtdatei,  it  may  Bomettmes 
be  Iwind  MBpdtnble  to  look  eter  the  work  en  the  d«y  of  ezamination  daring  the  ofiioe 
hoon,  ea  hoer  in  the  morning  of  the  following  day  may  be  allotted  for  the  purpose  of 
correeting  the  problems,  biit  in  no  caee  shonld  a  Candidate  have  his  problem  returned  to 
him  for  correction  after  he  has  madd  the  aecond  attempt. 

90.  The  paper  (E<n.  4  A.)  is  only  for  those  candidates  who  present  themselves  for  ex« 
amfnation  for  tke  first  time..  It  is  intended  not  only  to  ensure  on  the  part  of  the  Candidate 
a  knowledge  of  the  meaning  of  a  variety  of  terms  of  great  use  to  the  Navigator,  respecting 
which  mtioh  ignorance  exists  at  present,  but,  at  the  same  time,  to  test  his  handwriting  and 
flpdliAg* 

91.  In  using  this  piper,  the  Examiner  will  place  a  mark  against  the  numbers  of  the 
pixtienlar  questions  which  he  selects  for  answers,  and  not  less  than  ten  questions  should 
be  selected.  The  Candidate  will  then  write  against  the  questions  so  marked  his  definition 
of  the  terms,  in  a  clear  and  legible  hand,  so  as  to  prevent  the  possibility  of  any  letter  being 
■liBlakesi.    Attsntlen  should  be  paid  to  the  spelling  and  writing  of  Candidates. 

92.  In  the  qnestions  on  Deviation  of  the  Compass  the  Examiner  shonld  indicate  by  a 
mark  against  at  least  twelve  of  the  questions  for  answers,  and  thosa  indicated  must  be 
correctly  answered.  The  selected  questions  shonld  be  varied  frequently,  and  no  two 
OandidstA  shOihM  have  precisely  the  same  questions.  The  Candidate  should  be  fomished 
with  sheets  of  blank  ruled  paper  with  instructions  that  he  is  to  write  only  on  one  side  of 
the  paper,  and  to  answer  each  of  the  questions  against  which  a  mark  is  placed,  in  a  clear 
and  IsgibM  haid,  and  to  temmehee  each  anewer  by  wtiting  down  the  number  of  the  ques- 
tion to  which  il  relates  on  the  side,  whsre  a  margin  should  always  bd  IvSt  for  that  purpose. 
In  answering  Question  19,  besides  giving  a  full  explanation  in  writin:;  the  Oandidatei 
should  be  required  to  illaetmte  by  dtagrams  how  the  poles  of  the  magnets  are  placed  with 
regard  to  the  compass  aesdle  for  correoting  the  eemicironlar  deviation,  as  well  as  the  heeling 
error,  and  also  how  the  soft  iron  should  be  plaeel  for  correcting  the  quadrantal  deviation. 
A  Candidate  for  an  Extra  Master's  C  jrtifloate  will  not  be  required  to  answer  these  questions, 
bat  wi  1  be  examined  by  the  Syllabas. 

93.  In  the  vifo  voce  ezamination,  a  reasonable  time  ahonld  be  allowed  for  the  candidate 
to  give  his  answers.    Ko  assistance  should  be  given  or  leading  question  put. 

94.  Faittenlar  altenlkm  should  be  paid  to  Hie  adjustments  of  the  Sextant,  and  the 
written  answers  should  be  given  on  the  ruled  paper  in  the  same  manner  as  the  answers  to 
the  quettiotts  en  Ban.  7.  Every  candidate  should  have  a  practical  knowledge  of  what  is 
known  as  the  flrftt  three  adjastments,  and  be  able  to  read  correctly  off  the  arc,  a  supposed 
index  error  to  be  given  by  the  Examiner  as  additive,  as  well  as  reading  off  the  arc  in  the 
usual  way. 

95.  All  outstanding  er  minor  cotreetfoni  should  appear  in  the  margin  of  each  problem 
paper;  also  on  the  chart  paqpers  Bxn.  9  C  and  Bxn.  9  D,  and  unless  all  these  oorrectioni 
appear  on  the  papers  of  the  Candidate  Uiey  will  not  be  considered  complete. 

96.  In  every  case  the  Examination,  whethor  for  Only  Mate,  First  Mate,  Master,  or 
Master  Extra,  is  to  commence  with  the  problems  for  Second  Blate. 

97.  Examiners  shonld  bear  in  mind  that  the  problems  to  be  performed  are  required  af 
tests,  and  for  the  purposes  of  an  Examination,  and  not  for  lea-gting  or  practical  purposes 


9S.  The  Candidate's  will  be  allowed  to  work  out  the  various  problems  according  to  the 
method  and  tho  tables  they  have  been  acouatomed  to  use. 

99.  The  roles  as  to  the  amount  of  time  allowed  are  as  follow  :^ 

100.  Candidates  for  Second  Mates"  drtificates  of  Competmey  must  complete  the  whole  of 
th^r  Examination  in  Navigation  in  sight  hours,  incluiiog  the  time  allowed  for  writing  the 
definitions  (Exn.  4a),  the  piper  on  the  adjustments  of  the  sextant,  and  the  correction  of  all 
errors  and  oversights;  but  the  nautical  problems  on  Forms  *'Exn.  4"  and  "Exn.  5  "  must 
be  completed  within  six  hourSf  and  without  the  Candidates  leaving  the  premises  during  that 
period. 
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f  01.  Candiiatet  for  0  i/y  tmd  Fint  Mat^  OtriiJUtOii  mnat  o<miplet6  the  whole  of  their 
Eximination  io  Navi^tion  in  deven  and  a  half  hourtf^  ioclading  the  time  allowed  for  the 
pnp'^rs  on  the  adja^ment  of  the  aextant,  and  the  chart,  and  tor  the  oorreotioa  of  all  errora 
and  ovenights;  hnt  the  nantioal  prohlems  on  Forma  "Exn.  4,"  '*Exn.  s"  i^cl  "Esn.  6/' 
must  he  completed  within  iix  hown,  and  without  the  Gindtdatea  leaTiag  the  premises 
daring  that  period. 

102.  Qmdidatea  for  MttUri  (UriiJieaUi  mnst  complete  the  whole  of  their  Examination 
in  n%Tigation  \nfourt$$n  hourt,  inclnding  the  time  allowed  for  the  papers  on  the  sextant, 
the  chart,  and  the  compass  deviation,  and  for  the  correction  of  all  errors  and  oTersight^; 
hnt  the  prohlems  on  Forms  **Exn.  4,"  Ezn.  5,"  and  '*Exn.  6"  mnst  he  completed  within 
fix  houn,  and  without  the  Candi  lates  leaving  the  premises  during  that  period. 

103.  Candidates  afiir  finishing  the  prohUma  required  of  their  reepeeiive  gradee  on  the  first 
day  of  Examination,  should  prooe'^i,  until  the  end  of  that  day,  with  such  subjwts  as  the 
defiQiti)ns,  sextant,  chart,  and  Question  19  of  Form  "  Exn.  7." 

104.  The  Sumner  Pf^b^em  fExn,  6aJ  must  on  no  account  he  given  out  to  any  of  the  grados 
on  the  first  day  of  the  Examination,  but  should  be  the  commencement  of  the  Candidate's 
work  on  the  second  day,  and  on  completion  of  this  problem  the  Candidates  for  Masters' 
Certificates  should  proceed  with  the  prob^emi  on  Paper  *<Exn.  7.*' 

io(.  Candidatee  for  Home  Trade  Maie%*  Certijieaiee  must  complete  the  whole  of  their 
arithmetic  and  chart  fAp*^  within  five  houre,  and  Candfdates  for  Home  Trade  Masters' 
Certificates  within  eix  haure, 

106.  Candidatee  fir  Foreign-going  Steamship  CerliJUatee  of  OompeUneg  will  be  allowed  the 
same  amount  of  time  to  perform  their  navigation,  ftc,  as  hereln-befbre  laSd  down  for  the 
respective  grades  for  the  Ordinary  Foreign-going  Certifloctes. 

107.  Panotu^lly  at  the  expiration  of  the  prescribed  time  all  the  papers  should  he  called 
up,  wh(»ther  completed  or  not,  and  if  not  completed,  the  csndlfltte  will  be  dedared  to  lavt 
failed,  unless  the  Local  Marine  Board  or  the  Examiner  see  fit  to  lengthen  the  period  in 
any  special  case.  If,  however,  the  periol  is  lengthened  in  any  ctse,  the  special  circum- 
stances of  that  case,  and  the  reasons  far  lengthening  the  peHod,  together  with  the  time 
allowed,  must  be  reported  to  the  Bmrd  of  Trade  by  the  Exanrfners,  io  the  column  for 
''remarks"  on  the  Form  Ezn.  14. 

108.  It  is  anticipated  that  but  ism  of  the  Candidates  for  Certificates  of  Competency  for 
any  of  the  foregoing  grides  will  require  the  whole  of  the  time  herein  allowBd  for  oomplettag 
their  Examination  in  Navigation ;  and  ample  time  has  been  prescribed,  so'that  Candidates 
may  perform  their  work  in  a  careful,  clear,  and  legible  manner,  and  to  the  entire  satisfaction 
of  the  Examiners «  ' 

109.  If  the  Candidat')  passes  he  will  receive  the  Form  Exn.  r6,  which  authorises  the 
Superintendent  of  th*)  Mercantile  Marine  Office  to  which  it  is  addressed  by  the  Examiner 
to  issue  the  Certificate  to  th^  Candidate,  whose  testimonials,  Ac,  will  be  returned  at  the 
same  time.  It  is  therefore  important  that  the  port  of  destination  of  the  Certifisate  should 
be  the  same  on  both  the  Form  Exn.  16  and  the  Form  Exn.  s.  If  circumstanoes  should 
make  any  alteration  necessary,  the  Examiner  should  see  that  it  is  made  in  both  Forms, 
otherwise  delay  in  the  issue  tff  the  Certificate  may  be  caused. 

SPEOIAL  NOTICE  TO  CANDIDATES. 

no.    The  attention  of  Candidates  is  specially  called  to  the  following  Regulations :— ' 
I  ir.    Candidates  are  required  to  appear  at  the  examination  room  punctually  at  the  time 

appoioted. 
112.    Candidates  are  prohibited  from  brining  into  the  ezaminition  room  books,  pap^r, 

or  memoranda  of  any  kind  idistever.    The  slightest  infringement  of  this  regulation  wiU 

subject  the  offender  to  all  the  penalties  of  a  failure,  and  he  will  not  be  allowed  to  present 

himself  for  re-examination  for  a  period  of  three  months. 

•  ▲  Candidate  o(her«4lLan  Beeond  Ifat?  who  may 'not  preylonsly  hare  passed  an  ezaminattoB  maybe 
•Doved  tbe  tiaaa  SdMqpM  \n  Wfitiiit  fail  dflfinitions  on  Ezn.  41^,  in  addition  to  the  abore. 
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I  f  >  In  the  evfliii  of  aay  Ou&didate  being  deteoted  in  de£Ming>  blotting,  writing  in,  or 
otherwiae  injoring  any  book  or  books  belonging  to  the  Board,  the  papers  of  anoh  Candidate 
will  be  detained  until  the  book  or  books  so  de&ced  be  replaced  bj  him.  He  will  not,  how- 
ever, be  at  liberty  to  remo?e  the  damaged  book,  which  will  still  remain  the  property  of  the 
Board. 

114.  In  the  erent  of  any  Oandidate  being  disoorered  referring  to  any  book  or  memo- 
randa, copying  from  another,  or  aflbrding  any  assistanoe  or  giving  any  information  to 
another,  or  commnnicating  in  any  way  with  another,  daring  the  time  of  examination,  he 
will  sabjeot  himself  to  all  the  penalties  of  a  failare,  and  he  will  not  be  allowed  to  be 
entmined  fiur  a  period  of  six  months. 

115.  No  Osndidate  will  be  allowed  to  work  out  his  problems  on  a  slate  or  on  waste 


I  id.  Ko  Oandidate  will  be  permitted  to  leaTO  the  room  nntU  he  has  given  up  the  paper 
on  whidh  he  is  engaged. 

117.  Oandidates  will  find  it  more  conrenient,  both  here  and  at  sea,  to  correct  the  decli- 
nation and  other  elements  from  the  Nautical  Almanao  by  the  *'  hourly  diibrences  "  which 
have  been  given  in  that  work  in  order  to  &oilitate  such  oalculations ;  they  will  thereby 
tender  themselves  independent  of  any  proportional  or  logarithmic  table  for  such  purpose. 

ti8.  The  corrections  by  inspection  from  tables  given  in  some  of  the  works  on  navtga^ 
tkm  will  not  be  allowed  (see  Tables  IX,  XI,  and  XXf,  in  Norie's  Epitome,  &c.} ;  eyery 
ooReotion  must  appear  on  the  papers  of  the  Oandidates. 

119.  Candidates  are  expected  to  work  out  their  answers  to  all  problems,  except  those 
nferred  to  hereafter,  to  within,  or  not  to  exceed,  a  margin  of  one  mile  of  potiiion  from  a 
oorrect  result,  with  the  exception  of  the  ahip's  position  by  **  Sumner's  method/'  where  a 
margin  of  a}  miles  may  be  allowed. 

120.  In  finding  the  longitude  by  chronometer  the  logarithms  used  in  finding  the  honr- 
•n^e  should  be  tafien  out  for  seconds  of  arc.  Alao  acouracy  ahould  be  observed  in  oom* 
puUng  the  Hour-angles  for  the  projection  by  "  Sumner's  method." 

lai.  In  all  other  problems  the  logarithms  to  the  nearest  minute  will  be  sufficiently 
fxnrect  for  all  grades  except  Extra  llaster,  from  whom  a  degree  of  precision  will  be  required, 
both  in  the  work  and  in  the  results,  beyond  that  demanded  from  the  inferior  grades. 

laa.  Any  Oandidate  who  may  be  guilty  of  insolence  to  the  Examiner  or  of  other  mis- 
oondnct  will  render  himself  liable  to  the  postponement  of  his  examination,  or,  if  he  has 
passed,  to  the  detention  of  his  Certificate  for  such  period  as  the  Board  of  Trade  may  direct. 

taj.  For  mles  as  to  amount  of  time  allowed  to  perform  the  work,  ««#  <*  General  Instruc- 
tions to  Examiners  and  Oandidates  "  on  page  la. 

MASTHBtS'  AND  MATES'  VOLUNTARY  EXAMINATIONS  IN  STEAM. 

ia4.  These  examinations  are  limited  to  Masters  and  First  or  Only  Mates  who  are 
posnnasntl  of  or  entitled  to  Oertlflcates  of  Competency,  and  were  prorided  for  the  purpose 
of  giving  them  an  opportunity  of  undergoing  a  voluutary  examination  as  to  their  practical 
knowledge  of  the  uae  and  working  of  the  steam  engine.  They  are  conducted  on  the 
promises,  and  under  the  superintendence  of  the  Local  Marine  Boards,  at  such  times  as  they 
may  appoint  for  the  purpose ;  and  the  Examiners  are  selected  by  the  Board  of  Trade  from 
\bB  Engineer  Surveyors  appointed  under  the  fourth  part  of  "The  Merchant  Shipping 
Act,  1S54." 

115.  Any  Master  or  Mate  desiring  to  be  examined  in  Steam  must  deliver  to  the  Superin- 
tendent of  Uie  Mercantile  Marine  Office  a  statement  in  writing  to  that  effect,  upon  the 
Form  of  Application  (Exn.  2)  and  the  applicant's  Certificate  of  Competency  must  be  delivered 
to  the  Superintendent  along  with  his  statement.  If  he  is  about  to  pass  an  examination  for 
n  Certificate  of  Competency  at  the  same  time,  the  applications  should  be  sent  in  together. 

ia6.  A  fee  of  one  pound  mu*it  be  paid  by  the  applicant  for  the  examination  in  Sl^am, 
and  the  Superintendent  of  the  Mercantile  Marine  Office  will  thereupon  inform  him  of  the 
gillie  and  place  at  whid^  ho  is  to  nttend  to  be  ei^aminedi  and  the  e^mination  will  then  1^4 
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there  pxooeed  in  the  same  manner  as  the  other  examination*.    If  the  applioaot  fuU,  and 
has  giTon  in  his  oertifloate^  it  will  be  at  onoe  returned  to  him. 

117.  If  the  applicant  paaees,  the  Report  (Bzn.  14)  will  be  lent  to  the  Board  of  Trade, 
and  the  Certificate  of  Competency  with  the  Form  (Ezn.  a)  to  the  Begistrar-Qeneral  of 
Seamen;  the  words  ^^Foited  in  Steam**  with  the  date  and  plaoe  of  examination,  will  then 
be  entered  on  the  Certificate  and  its  oonnterpart,  and  the  Certifioite  will  be  sent  to  the 
Superintendent  of  the  ^reantile  Marine  Office  of  the  port  named  in  the  ApplieatioB 
(Ezn.  a)  to  be  ddiyered  to  the  applioaat  in  the  nraal  nunner. 

1 38.  If  the  applioant  fails  he  maj  not  present  himself  for  re-examinatien  until  the 
expiration  of  three  months  from  the  date  of  failure. 

139.  The  examination  is  for  the  moat  part  Wva  poc$f  and  extends  to  a  general  knowledge 
of  the  practical  use  and  working  of  the  steam  engine,  and  of  the  rarious  Talves,  fittings, 
and  pieces  of  machinery  connected  with  it.  Intricate  theoretical  questions  on  calonk'ions 
of  horse-power  or  areas  of  cylinders  and  Talves,  or  any  of  the  more  dtfllcnlt  <i«estioiis  which 
appertain  to  steam  engines  and  boilers,  will  not  be  asked.  The  examination  will  in  fact  be 
oonfined  to  what  a  liaster  of  a  Steam  Tessel  may  be  called  upon  to  periocm  in  the  case  of 
the  death,  inca^acity^  or  delinquency  of  the  engineer. 

130.  Examiners  are  to  be  careful  in  ti&eir  examinations  to  satiify  themselves  that  apfli- 
cants  really  do  know  the  namM  and  uses  of  the  Tarious  parts  of  aagioes  and  boilers,  and 
their  oonneoting  pipes,  valvo^  cocka,  4^0.  Practical  knowledge,  as  distinguished  fieoiii 
theories,  abstruse  calculations,  and  book  learning,  is  to  be  the  test  of  the  applicant's  fitness 
to  haye  his  certificate  indorsed. 

ijf .  The  Examiner  should  amage  to  oondnofc  part  of  the  examination  in  the  engine 
room  of  a  Stesmehip,  unless  from  ciroumstances  he  finds  it  impossible  to  4o  ao;  and  li  an 
opportunity  offer  the  applicant  should  be  permitted,  under  the  guidance  of  the  Examiner, 
to  start  and  atop  the  engine  of  some  vessel  which  may  have  her  steam  op. 

13a.  The  BKaminer  in  aendiag  in  his  report  of  Examinataoua  of  Hasteie  and  Mates  in 
steam,  should  state  where  the  examination  has  been  held. 

133.  Candidates  will  be  required  to  give  written  answers  to  aixteen  out  of  twenty 
queetions  taken  from  a  book  of  ELsmentary  Qoestionfl  published  for  the  Board  of  Trade.* 
'lliese  questions  will  be  altered  from  time  to  time  without  notice.  The  twenty  qoeatiooa 
are  not  to  be  difficult,  theoretical^  or  book  questions,  but  are  to  be  such  as  any  nian  of 
ordinary  capacity  ought  to  answer  who  has  any  ** practical  hmwUigc  ofthcute  und  toorking 
^  the  iUam-^gine** 

134.  These  queetions  with  the  Candidate's  answers,  should  be  sent  to  the  Bo^rd  of 
Trade,  with  the  reports,  after  each  examination. 

135.  These  answers  will  also  assist  in  enabling  the  Board  to  decide  any  question  that 
may  hereafter  arise  in  oases  where  it  if  alleged  that  appUcaata  have  been  impniperly 
passed,  or  improperly  rejected. 

1 36.  The  Examiners  will  be  careful  that  if  any  candidate  refers  to  any  book  or  paper  or 
memorandam,  or  obtains  information  from  another  candidate,  during  the  examination,  he 
will  be  treated  as  having  failed,  will  forfeit  his  fee,  and  will  not  be  allowed  to  be  re-examined 
for  a  period  of  three  months. 

1 37 .  The  Examiners  will  report  in  case  of  failure,  the  nature  of  the  questipu  or  questiona 
that  decided  the  failure,  or  the  point  in  the  mana^ment  of  the  eugine  in  which  the  UMidl- 
date  was  deficient. 

138.  There  is  nothing  in  the  regulations  requiring  that  applicants  I6r  the  volqutary 
examination  shall  have  served  on  board  Steam  Ships ;  all  that  is  required  is  that  they  ihaQ 
nave  a  *' practical  knowledge."  Examiners  will,  of  course,  not  fail  to  appreciate  the  faot» 
when  passing  applicants,  that  practical  knowledge  is  best  gained  in  the  engine  room;  and 
the  examination  of  an  Officer  who  does  not  produce  official  evidence  of  service  in  Stean^ 
Bhipa,  and  of  experience  of  engines,  must  necessarily  be  more  searching  than  in  the  case  oif 
one  who  produces  evidence  of  such  service  and  experience. 

»  7«r  ths  Aiisw«r8  MS  ''▲meunr's  iMeutasafs  Kamvh,." 
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L  Ltgariflimi  are  numbers  arranged  in  Tables  for  the  purpose  of  facili- 
tating arithmetical  computations.  They  are  adapted  to  the  natural  numbers, 
It  2,  3,  ....  in  Bueh  a  manner  Ifaat  by  means  of  them 

the  operation  of  ICultiplicatian  is  changed  into  that  of  Addition ; 

.    Division  ....      Subtraction; 

.    Involution        ....      Multiplication; 
.    Evolution         •  .  .  .      Division;* 

2.  Take  any  whde  numbers,  as  i8,  815,  6489 ;  the  first  consists  ef  two, 
the  second  of  three,  and  the  third  of  four  figures  or  ifiyt^  Again^  in  the 
mixed  number  739*81  j,  the  whole  number  or  integral  part  (739)  consists  of 
three  di^iU. 

8.  By  multiplying  a  number  by  itself,  on^,  two^  ihree^  &c.,  times  succes- 
sively, we  obtain  the  teeondf  thirds  fourth^  &c.,  powers  of  that  number;  heticie, 
a  pouwr  of  a  number  U  the  number  arieing  from  iuecessive  mullfplwation  hy  itself* 
Thus,  3  X  3  =  9  is  the  square  or  second  power  of  3 ;  and  5X5X5  =  125, 
the  cube  or  third  power  of  5 ;  and  so  on. 

These  operations  are  denoted  by  means  of  Indiees,  or  small  figures  placed 
on  the  right  of  the  numbers,  a  little  above  the  line;  thus,  2*=:2X2=:4, 
3»  =  3  X  3  X  3  =  27,  and  a»z=2X2X2X2X2  =  32,  where  the  IndeM 
or  eayfoneni  denotes  the  number  of  factors  employed. 

4  When  there  are  series  of  numbers,  such  that  each  is  found  from  the 
previous  one  by  the  addition  or  subtraction  of  the  same  number,  they  are  said 
to  be  in  arithmetical  progression,  i,  3,  5,7,  9,  11,  &c.,  are  in  arithmetical 
or  equi-diflbrent  progression,  since  each  number  is  found  by  adding  2  to  the 
immediately  preceding. 

*  No  proof  can  heito  Vs  offered  thtt  muuben  most  asitt  possening  the  properties  under 
whieh  wo  osU  theoi  logaritbme ;  neither  oan  any  aot  ount  be  here  given  of  the  methoda  of 
compattng  inch  loganthms.  The  reader  wiU  accept  the  itatementa  that  if  such  numberi 
oxiati  bearing  the  pxopaiiae  aforesaid,  Ihey  are  oaUed  logarithms.  He  must  also  accept  the 
tables  which  are  publishad,  recording  logarithms  for  the  several  nambers  to  which  they 
protes  to  bdoBg,  though  he  cannot  m  pte^ent  verify  the  oomimtations  of  these  scTeral  log- 
arithms ;  and  he  wiU  be  informed  how  he  may  ose  these  tables  to  effect  with  comparative 
ease  many  oalcnlations  which  would  otherwise  be  most  laborious. 

The  truth  is^  though  il  requires  for  its  demonstration  higher  algebra  than  this  w<irk 

Sresupposes  the  reader  to  be  acquainted  wiih,  that  not  only  has  every  number  a  logarithm, 
ut  it  Las  an  infinite  variety  of  logarithms,  constructed,  as  the  term  is,  on  dilTerent  scales- 
Of  basefc  The  base  of  any  system  of  logarithms  is  defined  by  the  fact  that  in  that  system 
9mitif  is  its  logarithm. 

Any  nnmber  migki  be  used  as  a  base;  but  in  hti  there  are  only  two  numbers  which  are 
eT«r  reaUy  used. 

The  one  is  an  unterminaling  decimal,  2*7182818  .  .  .  .,  denoted  generally  by  the  letter 
#.  This  is  the  base  of  what  is  eaUed  the  natural  or  Naperian  system ;  and  the  adyantage 
of  it  consists  in  the  ease  with  which  logs,  are  computed  to  this  base,  but  which  we  cannot 
here  explain. 

The  other  is  lo,  whieh  Is  the  base  in  ordinary  use,  and  with  this  base  log.  10=1.  Log- 
s^thms  to  this  bass  are  the  only  ones  which  will  now  be  oonrfdersd  in  tbsir  pfaetlcal  ussi^  - 
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0.  Again,  the  numbers  3,  6,  12,  24,  te.,  are  in  geometrical  progressioni 
for  each  number  is  formed  from  the  one  immediately  preceding  by  multiply- 
ing by  %.  Hwe  taka  the  following  series  of  pewers,  3^,  3*,  3*,  3*,  3*,  &o., 
we  find  that  the  exponents  proceed  in  arithmetical  progression,  and  the 
quantities  themselves  in  geometrical  progression. 

6.  Det — Logarithms  are  a  series  of  numbers  in  arithmetioai  progression 
answering  to  another  series  in  geometrical  progression,  so  taken  that  o  in  the 
former  corresponds  with  i  in  the  latter. 

Thus,  o,  I,  2,  3,    4,    5,    6,  &c.,  are  the  logarithms  or  arithmetieal  series, 
and  I,  2,  4,  8,  16,  32,  64,  &c.,  are  the  numbers  or  geometrical  series, 
answering  thereto— the  latter  being  called  the  natural  number. 
Or,  o,  I,    2,      3,      4,        5,  the  logarithms, 
and  I,  5,  25,  125,  425,  5125,  the  corresponding  numbers. 
Or,  o,    I,      2,        3,         4,  9,  the  logarithms, 

audi,  10,  100,  1000,  1 0000,  1 00000,  the  corresponding  numbers. 

In  which  it  will  be  seec,  that  by  altering  the  common  ratio  of  the 
geometrical  series,  the  same  arithmetical  series  may  be  made  to  serve  as 
logarithms  of  any  series  of  numbers.  As  above,  when  the  common  ratio  of 
the  geometrical  series  are  2,  5,  and  10  respectively. 

-  7.  The  common  ratio  in  the  geometrical  series  corresponding  to  the 
oommon  difference  of  i  in  the  arithmetical  series  is  called  the  base  of  the 
system.  Thus,  the  base  of  the  first  specimen  exhibited  is  2,  the  base  of  the 
second  is  5,  and  the  base  of  the  third  is  10. 

In  the  specimens  just  exhibited  we  have,  in  each,  taken  two  ascending 
progressions,  but  they  migiiLi  equally  well  have  been  two  descending  pro- 
gressions, or  the  one  descending  and  the  other  ascending.  Logarithms,, 
however,  as  now  used  in  practice,  are  limited  to  the  case  of  two  progressions, 
either  both  ascending  or  both  descending — ^the  former  giving  the  logarithms 
of  integers,  the  latter  of  fractional  numbers. 

But  a  better  way  of  considering  logarithms  is  as  follows :— • 
.  8.      De£ — The  logarithm  of  a  number  to  a  given  base  is  the  index  of  the 
power  to  which  the  base  must  be  raised  to  give  the  number. 

For  instance,  if  the  base  of  a  system  of  logarithms  be  2,  3  is  the  logarithm 
of  8,  because  8  =  2*  =  2X2x2. 

And  if  the  base  be  5,  then  3  is  the  logarithm  of  the  number  125,  because 

i25  =  5»  =  s  X  5  X  S- 

There  may  be  thus  as  many  different  systems  of  logs,  as  we  please;  but, 
for  practical  use,  it  is  necessary  to  select  and  adhere  to  one.  That  usually 
employed  now  is  called  Brigge^  egstem, 

9.  We  now  proceed  to  describe  what  is  called  the  common  system  of 
logarithms.  In  the  common  system  of  logarithms  unity  is  assumed  to  be  the 
logarithm  of  1 0 ;  that  is,  i  q  is  the  constant  base.    All  the  logarithms  registered 
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in  the  Tables  commonly  used,  are  indices  of  the  radix  or  base  lo ;  a  Table  of 
logarithms  of  numbers  is  in  fact  nothing  more  than  a  Table  of  the  exponents 
of  lo  placed  against  the  several  numbers  themselves.    Accordingly — 

0  IB  the  log.  of         I,  because  i  =  lo^ 

1  „  10,       „  io=sio* 

2  „  lOO,         „  ICO  =  I0» 

3  „  looo,      „  looo  =  io» 

4  ^y  looooy      ,y         10000=  lo^ 
&c.  &c. 

Now,  if  the  above  Tables  were  amplified  by  the  insertion  of  the  logarithms 
of  all  the  numbers  between  i  and  lo,  between  lo  and  loo,  &o.,  we  should 
have  a  Table  of  logarithms  of  all  numbers  from  i  to  loooo;  and  whatever 
may  be  the  difficulty  of  determining  the  intermediate  logarithms,  it  is  at 
once  easily  seen  that  the  logarithms  of  all  numbers  between  i  and  lo,  t.^., 
between  ic^  and  lo^  must  lie  between  o  and  i,  and  will  be  o  +  ft  fraotioui 
that  is,  a  decimal  less  than  i ;  of  all  numbers  between  lo  and  loo,  %.$,^ 
between  lo^  and  lo'  must  lie  between  i  and  2,  and  will  be  i  +  &  fraction, 
or  a  decimal  between  i  and  2 ;  of  all  between  100  and  1000  will  be  2  +  a 
fraction,  and  so  forth ;  or  the  integral  part  of  each  intermediate  logarithm 
will  hQon$U99  than  the  number  of  integral  figures  in  the  quantity  of  which 
it  is  the  logarithm.  Thus,  the  logarithms  of  2,  3,  4,  &c.,  to  9,  have  o  as  the 
integral  part;  those  of  10,  11,  12,  &c.,  to  99  have  i  as  the  integer;  those  of 
looy  loi,  102,  &c.,  to  999,  have  2  as  the  integer;  and  so  forth.  Hence  Tables 
of  logarithms  usually  supply  only  the  fractional  or  decimal  part ;  the  integral 
part  is  always  known  from  the  number  of  integers  in  the  value  whose 
logarithm  is  wanted.  Very  few  logs,  can  be  expressed  in  terminating 
decimals,  but  this  causes  little  inconvenience,  since  a  log.  carried  to  six  or 
seven  decimal  places  is  sufficiently  exact  for  all  common  purposes. 

lOi  The  integers  i,  2,  3,  4,  &c.,  which  are  the  logarithms  of  10  and  its 
powers  (see  9),  are  chief  indices,  and  the  logarithms  intermediate  to  these, 
as  for  instance  1 778 1 5 1  (which  is  the  logarithm  of  60)  consisting  of  an  integer 
and  a  decimal  fraction,  though  they  are  also  indices,  are  usually  referred  to 
as  oonsisting  of  an  ind&x*  and  moft^iMof ,  the  integral  part  being  specially 
termed  the  ind&x  or  eharaet&risiio,  because  it  indicates,  by  being  one  hsi,  how 
many  integral  places  are  in  the  corresponding  natural  number,  and  the 
annexed  decimal  being  called  the  nuuUissa. 

ExAHPLs.— In  the  log.  4*616$^^,  the  figure  (4}  atanding  to  the  left  of  the  deoimal  point 
is  the  chmriieterutic  or  index,  and  the  remaining  portion  ('616339)  ^  the  ttumtista  or  dmmal 
pmrt, 

*  In  oirder  to  avoid  confusion  from  the  use  of  the  word  "index"  to  signify  two  thingSi 
we  shall  throughout  this  work  employ  the  term  eharacierittie  when  speaking  of  logarithms, 
and  imdsx  when  speaking  of  roots  or  powers. 

f  Mmii9U^  a  Latin  wbrd  signifying  an  additional  handftil ;  somlsthing  over  and  above 
an  ett'ol  4iilttitity. 


Digiti: 


zed  by  Google 


20  th  U^m^km- 

IL  To  fii^  ibe  obaraoteriitio  of  the  logaritlun  of  any  number  greater 
tban  unity  we  baye,  thereforoy  the  foUowing  rule  :— 

BULB  I. 

Th$  eharaei&ruiic  of  the  logarithm  of  a  number  greater  than  unity,  i.e.,  of  a 
whole  or  mixed  numberi  M  one  less  them  the  number  of  the  digits  of  iU  integer 
part 

Thuf :  the  chancteriitlo  of  the  Iog»rithm  of  S49  is  a ;  for  the  number  849  is  an  integer 
conaisting  of  three  digits  (that  is  the  namber  between  100  and  1000)  and  i  le«  than  3  is  a. 
Also,  the  index  of  the  log.  of  a64*96  (whieh  is  a  mixed  number)  is  2,  sinoe  the  integral  part 
of  the  number,  namely  364,  ia  a  namber  between  100  and  1000,  or  consists  of  3  digits^  and 
one  less  than  4  is  3.  Again,  3  is  the  oharaoteristio  of  the  logarithm  of  3847*216,  since  this 
namber  has  4  integral  digits;  while  o  is  the  oharaoteristio  of  the  logarithm  of  3*847116, 
wee  (hb  number  has  one  integral  digit. 

Again,  the  ohavaoteristio  of  the  log.  of  a  namber  of  otu  place  of  int^gvrt  (aaoh  as  5  or  5*08, 
or  5*0801)  ia  o.  Again,  every  namber  with  two  plaoes  of  integers  (sneh  as  50,  or  50*8,  or 
30*813)  is  I.  Again,  every  number  with  thru  plaoes  of  integers  (suoh  as  508,  or  508*2,  or 
508*25)  has  fov  its  okaraotaristio  2,  and  so  on. 

BifAifPff^mi  FOB  Praotioi. 

Write  down  the  oharaoteristies  of  the  logarithm  of  the  foUoiring  numbers : — 


I. 

3«5 

6. 

69710 

ti. 

474000 

16. 

473'90» 

a. 

4« 

7. 

45-8a 

12. 

4a56'45 

17. 

54793000 

3- 

64375 

8. 

8640 

13- 

39 

18. 

21256*8 

4- 

a8*9 

9* 

75 

»4- 

8 

19. 

2*14006 

5- 

6 

10. 

7265 

15- 

18 

ao. 

50'74o6 

1%  It  has  been  shown  that  in  the  common  system  of  logarithms  (Briggs') 
the  log.  of  I  is  o ;  consequently,  if  we  wish  to  extend  the  application  of  logs, 
to  fiaeitioas»  we  must  establish  a  oonvention  bj  whieh  the  logs,  of  numbers 
wholly  decimal,  $.«.,  less  than  unity,  may  be  represented  by  numbers  less 
than  s«o,  f.«.|  by  negative  numbers. 
Sxteniing^  therefore,  the  above  principles  to  negative  exponents^  sinee 


10'    =;       I 

s:  I 

0 

io-'=      A 

=  01 

T  is  the  logarithm  of  -i  m  this  system. 

IO-«=       T*« 

ss  0*01 

»                   n                    01              „ 

io-»=     .A, 

SP'OOK 

3              »               -ooi         ,, 

io-*=   toJto 

=  OOOOI 

4                   >i                    'OOOI          „ 

*0. 

fto. 

It  IbHows  ftrom  this,  that  when  the  number  ie  a  decimal  with  all  its  digits 
signifioaut,  in  value  between  1  and  -j^,  its  log.  is  negativci  yet  not  so  small 
as  thalog.  of  iV»  which  is  -^  i .  Its  log.  therefore  will  be  something  between 
o  and  -—  -I,  or  «•  i  with  some  positive  decimal  added.  Hence  —  i  is  its 
characteristic.  When  the  number  is  a  decimal  with  zero  as  its  first  digit,  ia 
value  therefore  below  -^  but  not  so  low  as  ^iv,  its  log.  is  lesa  than  —  1,  but 
not  so  smidi  as  — 2,  and  so  will  be  -^2  with  some  positive  decimal  attached. 
Thus  2  is  the  characteristic.  The  log.  of  a  decimal  between  'oi  and  *ooi  is 
some  number  between  — 2  and  —3,  and  its  characteristic  is  — 3 ;  of  a  number 
between  'ooi  and  -0001  its  log.  is  between  — 3  and  — 4,  and  its  characteristic 
is  ~^4.;   and  generally,  ftUowing  this  reasoning,  it  will  aj^ar  ttat  the 


Digiti: 


zed  by  Google 


fti  Zofariihmi.  it 

characteristio  of  a  deeimal  fractioii  is  negative,  aad  may  be  known  from  its 
denoting  the  place  of  the  first  significant  figure  of  the  decimal,  as  being 
the  ist^  2nd,  3rd,  ftc.,  place  after  the  point;  hence, 

13.  To  find  the  charaeterlstic  of  any  number  less  fhan  unity,  t.^.,  of  a 
deeimal,  we  have  the  following 

RULE  II. 

Tke  efutraeUritKc  of  the  h^artihrn  0/  a  nnmher  le$$  than  unity,  and  r$dwi$d  to 
ih0  docimal/orMf  u  negative  and  one  more  than  the  number  of  CKphers  folhtoing  the 
decimal  point. 

A  negative  charao^^eristic  is  denoted  by  writing  over  it  the  negative  sign 
(— ),  thus  I,  I,  5,  &o .♦ 

Thus  the  chatacteristio  of  the  logarithm  of  -00521  is  \  since  the  number  of  cyphers 
foilowing  the  decimal  point  increued  hy  i  is  3. 

Similarly  the  index  of  log.  of  '156  Is  T 

M  „  -00046  is  4 

„  ,.  •000000721      is  7 

14.  But  in  order  to  avoid  the  confusion  that  might  arise  by  the  addition 
and  subtraction  of  negative  indices,  the  following  rule  is  frequently  used. 

EULE  III. 
Add  I  to  the  number  of  eyphore  between  the  deeimal  point  and  theflnt  eignifieant 
figure^  and  subtract  from  10;  the  remainder  ie  the  index  required. 

Thus  the  charaeteristio  of  the  log.  of  *04  is  2,  or  8,  since  i  adled  to  tho  number  of  cyphers 
fcUowing  the  decimal  point  is  2,  then  2  from  10  is  8. 

Simihirly  the  index  of  log.  of  -140  is  9. 

„  „  -0149  i«  8- 

„  1^  -00064  is  6. 

„  „  -000000721     is  3. 

(a)  If  the  characteristic  of  a  vulgar  fraction  is  required,  it  must  first  be 
reduced  to  an  equivalent  decimal  fraction,  and  then  the  index  is  found  by 

the  rule. 

Thni^  the  index  of  log.    f,  or  of  log.  *  1 25  is  T  or  9. 

n         of  log.  ^,  or  of  leg.  *04  is  2  or  8. 

.„  oflog.a+l,  or  244  I. 

Examples  for  P&acticb. 
Write  down  the  characteristics  of  the  logarithms  of  the  following  decimal 
fractions: — 


I. 

•045 

6. 

*oeooooc 

•4537 

16. 

•037299 

3. 

•9 

7- 

•01 

•009 

17- 

-00000052018 

3- 

*ooo4 

S. 

-0003127 

-ooooooS 

j8. 

•000000205379 

4- 

•6798 

9- 

•P2803 

•000064 

19. 

•5 

5- 

*oo6a 

10. 

-7007 

•000485 

20. 

-0000000000382 

•  The  negative  sign  (— )  is  written  a^otw  the  characteristic,  thns  2,  instead  of  before  it, 
to  show  that  it  affecte  only  the  characteristic  and  not  the  mantissa,  which  remains  positiye. 
If  it  were  written  in  front  of  the  complete  logarithm  it  wonld  signify  that  the  entire 
logarithm  was  negatiTe,  but  such  logarithms  are  never  empbyed  in  the  operations  connected 
with  sATigatloiL 
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15.  The  cliaracteristio  may  also  be  found  as  follows :— * 

EULE  IV. 

PUee  your  pin  Utwem  the  first  and  second  figure,  (not  cypher),  and  count  one 
for  each  figure  or  cypherf  until  you  come  to  the  decimal  point;  the  numher  thue  given 
icill  le  the  eharaeteristie :  hut  oUerve  that  if  you  count  to  the  lefb  you  must  sub- 
tract the  number  found  from  f  o,  and  consider  the  remainder  as  the  characteristic. 

ThQP,  in  finding  the  log.  of  4*6017,  if  yon  place  the  pen  between  the  first  figure  (4)  and 
second  (6),  it  falls  on  the  decimal  point;  in  this  case  the  characteristic  is  o.     Next,  in  the 

case  of  log.  of  4601*7,  place  yonr  pen  hetween  4  and  6,  and  count  ^,3^  ;  the  characteristic 
is  3.  Next,  in  the  case  4601700,  here  th^  decimal  point  falls  behind  the  last  cypher  (No.  5). 
Hence,  counting  as  before,  we  have    |,2'5le6  ^^^  *^®  characteristic  is  6. 

Again,  in  the  case  of  log.  '00046017  the  first  significant  figure  is  4.  Hence,  counting, 
we  have     {^^      ',  but  here  we  count  to  the  left,  so  that  the  characteristic  is  negative,  or 

4,  which  taken  from  10  is  6.  Again,  in  the  case  of  log.  of  '46017,  we  have  ^  '^,  and  the 
charaoteristio  is  i,  or  9. 

16.  The  mantissa  of  the  logarithm  depends  entirely  on  the  relative  valuA 
of  (lie  figures  composing  the  quantity  whose  logarithm  it  is,  and  not  at  all 
upon  the  numerical  value  of  that  quantity :  thus,  the  mantissa  of  the  log.  of 
13  is  *i  1394.3,  which  is  also  the  mantissa  of  1*3,  or  130,  or  1300,  for  in  each 
case  the  i  and  the  3  have  the  same  relative  value.  So  the  mantissa  of  a 
logarithm  is  always  the  same,  if  the  significant  figures  remain  the  same,  and 
is  not  altered  by  the  addition  of  cyphers  to  the  right  or  left  of  these  figures, 
or  what  is  equivalent,  by  the  mnltiplicatibn  or  division  of  the  quantity  by  10, 
or  any  power  of  10 ;  it  is  only  the  characteristic  which  alters  its  value  by  an 
alteration  in  the  position  of  the  decimal  point,  i  being  added  to  the  character- 
istic for  every  place  the  decimal  point  is  removed  to  the  right,  that  is,  for 
every  10  by  which  the  quantity  is  multiplied;  or,  i  is  subtracted  from  the 
characteristic  for  every  place  the  decimal  point  is  removed  to  the  left,  that 
is,  divided  by  10. 


The  logarithm  of 

745800  being    5872622 

that  of 

74580 

is       4*872622 

»» 

7458 

„       3872622 

w 

745-8 

„          2'872622 

99 

74-58 

M           1*872622 

99 

7-458 

„          0*872622 

» 

•7458 

„          7-872622 

or  9*872622 

>t 

•07458 

„       2-872622 
or  8-872622 

91 

•007458 

„       5-872622 
or  7 '87  2622 

99 

•0007458 

„       4872622 
or  6-872622 
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ON  TABLES  OF  LOGAEITHMS  OP  NUMBEES. 

17.  In  Bapxb's,  Noeib's,  and  tlie  collection  of  nautical  tables  intended  to 
accompany  this  work,  the  Tables  of  the  Logarithms  of  Numbers  are  arranged 
80  as  to  give  the  mantissas  of  the  natural  numbers  from  i  to  loooo.  If  the 
reader  will  open  an  ordinary  table  of  logarithms,  such  as  is  contained  in  the 
above-mentioned  works,  he  will  find  a  short  table  of  logs,  firom  i  to  100 
immediately  preceding  the  general  table,  and  giving  the  entire  logarithm ; 
following  which  is  the  general  table,  on  opening  which  he  will  find  a  vertical 
column  on  the  left  side  of  the  page  containing  three  digits  and  ten  columns 
of  logarithms  headed  by  the  digits  o,  i,  2,  ....  9.  These  last  are  fourth 
digits  to  be  attached  to  the  former  three,  so  that  the  table  thus  embraces 
numbers  from  1000  up  to  9999.  Opposite  to  every  such  number  is  a  number 
with  six  places  of  figures.  This  is  a  decimal,  though  to  save  printing  the 
decimal  point  is  not  printed,  and  it  is  the  decimal  part,  or  mantissa,  of  the 
logarithm  of  the  number  to  which  it  corresponds.  The  characteristics  are 
never  printed,  but  are  prefixed  according  to  the  Bules  I,  II,  and  II.  Hence 
from  such  a  table  we  can  take  out  the  logarithm  of  any  number  with  any 
fbur  significant  digits. 

In  the  margin  of  all  tables  of  logarithms  the  difference  of  the  successive 
logarithms  in  that  part  of  the  table  is  set  down.  In  some  tables,  also,  there 
are  little  tables  in  the  margin  called  tables  of  proportional  parti.  These 
are  placed  under  every  successive  difference,  and  contains  for  that  difference 
the  number  to  be  added  in  respect  of  each  unit's  digit,  so  as  to  form  the 
logarithm  of  numbers  of  six  digits.  These  numbers  are  found  as  directed 
by  the  Bule  Ylii,  page  2 ;. 

1&    If  the  number  be  given,  its  logarithm  may  be  found  as  follows  :^ 

To  find  the  logarithm  of  a  number  consisting  of  not  more  than  two  digits, 
«.«.i  which  does  not  exceed  100,  using  the  short  table  of  logarithms,  from  i 
to  lOOy  preceding  the  general  table. 

BULE  V. 

SUkfor  th$  number  proposed,  considered  as  a  whole  number,  in  the  eohmn  at  the 
tep  of  which  is  No.,  and  the  logarithm  will  be  found  opposite  to  it  in  the  next  column 
to  the  ri§U  hand.  Prefix  the  proper  characteristic  (by  changing  it  if  necessary) 
to  the  mantissa  (see  Bules  I  and  n,  pages  20  and  21).  The  resxdt  is  the 
logarithm  sought. 

Nora.— It  may  bA  observed  here,  onoe  for  all,  that  the  proposed  number  must  be  considered 
a  whole  number,  and  in  case  a  decimal  point  occurs  in  the  given  number,  no  notice  is  taken 
of  it  till  we  come  to  the  insertion  of  the  charaoteristic;  and  should  cyphers  occur  h$tivwn 
ike  decimal  pomt  and  thejbrtt  9%gnijleani  figwre^  these,  also,  are  disregnrded  in  entering  the 
table,  being  only  taken  into  account  when  determining  the  characteristic. 

Xz.  I.    Beqnired  the  logarithm  of  ai,  a*i|  'ai,  and  *oaf . 

In  the  first  page  of  the  Table,  and  in  one  of  the  vertical  columns  marked  No.^  we  find  ax, 
a|unsi  which  itands  rjaaai^,  the  lo^farithm  sought.    Since  the  manti^n  of  the  lofarithm 
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of  any  namber  consistliijf  of  the  same  figufes  is  the  same  whether  the  aumher  be  integral, 
fraotional,  or  mixed,  the  logarithms  of  the  numbera  I'l,  «ai,  and  *oai  will  have  the  lame 
decimal  part  as  at,  tiie  oharacteristio  only  being  changed,  consequently  the  logarithm  of  2*1 
is  0*322219,  the  logarithm  of  *2i  is  9*322219,  and  the  logarithm  of  '021  is  8-312219. 

Ex.  2.    To  find  the  logarithm  of  52,  5*2,  '52,  and  '00052  :— 

In  the  Tables  we  find  the  log.  of  52  is  1*716003,  and,  therefore,  simply  changing  the  index^ 
the  log.  of  5*2  is  •'716003,  -52  is  9*716003,  and  the  log.  of  '00052  is  4*6716003  or  6-7 16003. 


ITo. 

Nat  No. 

No. 

Nat  No. 

No. 

Nat  No. 

No. 

N&t  No. 

I. 

5 

7. 

4» 

13- 

94 

19. 

•0091 

2. 

9 

8. 

•004 

14* 

*or   -5 

•0. 

•5^ 

3- 

•009 

9- 

**4 

«5. 

|or*75 

SI. 

•024 

4- 

•01 

10. 

«4 

16. 

>5 

22. 

•000035 

5. 

•0001 

ti. 

'H 

«7. 

i  or  25 

^3. 

•000057 

6. 

14 

12. 

*002l 

18. 

•09 

M. 

ffA« 

19.  To  find  tbe  logarithm  of  a  number  consisting  of  not  more  than  three 
places  of  figoree  (from  100  to  1000). 

RULE  VI 

I^ni  th»  gwm  number  in  the  left-hand  column  of  the  Table,  and  opponle  it,  in 
the  next  column,  will  stand  the  manttesa  or  decimal  part  of  the  logarithm.  Prefix 
the  characteristic  according  to  Boles  I  and  II*  ^he  result  is  the 

logarithm  sought. 

Note.— Wben  we  say  *'  three  flgnres  "  we  mean  independently  of  cyphers  either  to  the 
right  or  to  the  left.  Thus  we  should  iaolads  6340, 73200,  aad  -00265  uadar  the  heal  of  this 
problem. 

NoTB.-!>{r  the  number  ii  ku  than  three  figwree  make  up  three  by  placing  cyphers,  if  not 
already  present  (or  by  supposing  them  placed),  on  the  right  of  the  number,  cyphers  so  added 
being  regarded  as  decimal;  then  preoeed  as  directed  in  the  above  Bale  Vl.  'ihus  ^e 
logarithm  of  75  is  the  same  as  that  of  75*0 ;  the  logarithm  of  8  is  the  same  as  of  Soe  j  and 
that  of  *035  is  the  same  as  of  '0350. 

EZAICPLI. 

Ex.  I.    Bequired  the  log.  of  476, 4*76,  and  -00476. 

We  seek  in  the  left-hand  column  of  the  Tkble  for  476,  against  #hfch  in  the  oolnmn  marked 
0  at  the  top,  stands  the  mantissa  oorreepoodiiig  thereto ;  and  this  part  by  the  rul  j  is  the 
same  for  eadh  of  the  above  numbers.  Now  prefixing  the  index  according  to  the  number  of 
integral  figures  in  the  natural  number,  we  find  the  log.  of  476  is  2*677607;  of  4*76  is 
0-677607 ;  and  of  -00476  is  7*677607. 

Again,  the  logarithm  of  576  is  2*760422;  that  of  39*4  is  1*595496;  that  of  '0253  '^ 
2*403121. 


No. 

Nat  No. 

No. 

Nat  No. 

No. 

Nat  Ne. 

No. 

Nat.  No. 

I. 

100 

5. 

673 

9- 

896 

"3- 

-0147 

2. 

«45 

6. 

794 

lO. 

'•47 

14- 

4»4 

3- 

»-94 

7. 

982 

II. 

•147 

15. 

•0000448 

4- 

36^ 

8. 

480 

12. 

•901 

16. 

448^00 

20.  If  the  number  contains  four  places  of  figures,  exclusive  of  final 
(^phers,  or  cyphers  included  between  the  decimal  point  and  the  first  sigpoifi- 
cant  figure. 

EULE  vn. 

Find  the  fir et  three  figures  in  the  vertical  column  on  the  left  marked  No.,  and  the 
fourth  in  the  horiwntoil  column  at  the  tof  of  the  pofc.     Under  this  ksi^  and  opfositc 
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index  aooording  to  Bulat  I  and  11.  The  result  is  tbe  logjArithia 

sought. 

EZAXPLS. 

Ex.  I.    Required  the  logarithms  of  4587  and  of  0*0004587. 

The  fint  three  flgnrea  (yis.,  458}  being  fonnd  in  the  colamn  to  the  left  marked  No ,  and 
the  fourth  {7)  in  the  line  of  digits  at  th»  tej^  of  the  page,  the  decimal  part  of  logarithm 
(-66x529}  18  fonnd  in  the  same  horiaontal  line  as  tho  thae^  flxal  fi^paiea  of  thfi  glvaa  num>tr, 
and  in  the  sama  coluoin  as  tbfl  fourth.  Xhe  charactoristio  is  3,  bein^  one  less  than  the 
nomber  of  inUgtf^  in  the  whole  nffmbar  \  whanafitheisampleted  logarithm  is  3*66 1529.  The 
higarithm  of  '0004587  ia  4'66i549»  U)#  ahAff^Dteristio  being  negative,  and  «^o  more  than  the 
nnmber  of  prefixed  oji^ni. 

Again,  the  logarithm  of  3470  is  3*541330 ;  that  of  3*491  is  0*543074 ;  and  that  of  0*3468  is 
i-54»d79;  thai  of  74-39  is  »*8i7i5i5  ;  thai  of  415600  is  5-512648^  in  vhmh  oasa  tia  nuntiij^ 
of  3156  ia  taken  ant^  staeait  is  the  saaao  aa  the  amiiftSBi  «f  3156000. 

Xl».  Keti  Ko.  ]fb.     If  at.  IVt>.  IVb.        Nst  No.  No.      Nat.  No. 

I.       1000  4.         5^31  7.         'oioii  10.        987^6 

a.      1234  5.       a6*o6  3.         9487  11.      *o6843 

3.     ^S'^S  ^«       a*6o6  9.  7*777  12.    •00*784 

KoTB.-— The  foregoing  rule  may  be  u^ed  not  only  i^  the  case  of  numbers  consisting  of 
fonr  places  of  figureSj^  but  may  be  made  to  include  ^1  numbers  consisting  of  loss  than  four 
iigniftcant  digits,  and  so  enable  ns  to  dispense  with  tiie  Qoles   V  and  Vf.  Thus, 

if  the  nnmber  consists  of  leas  than  four  fignrea^  «ahe  nfTfoMT  hy  pliDtag  eypaera^  ii  not 
ahready  placed  (iMr  by  aup^osing  them  pUoad),  on  the  right  of  the  nomber ;  cyphers  so 
added  being  regjMBded  aa  dflchoali.  Xlwn  ^aooMl  tib  fnd  the  mantiwk  of  the  log.  by  the 
foregoing  rule. 

Thus,  the  log.  75  la  the  same  as  the  log.  of  75*00 ;  the  log.  of  8  is  the  same  as  the  log.  of 
8*000 ;  and  that  of  *035  tho  same  as  that  of  '03500  (3500  in  the  tables). 

8t  Althovg^  the  tahlai  ui  Babw,  Noris,  and  the  <<N«»iicaI  Tables" 
accompanying  this  work  are  ooneiracted  so  tiiat  the  mantisese  corresponding 
to  more  than  iwx  figures  cannot  be  taken  out  directly,  yet  the  mantissce  of 
numbers  containing  five  or  six  figures  can  be  found  from  them  without  much 
trouble  by  means  of  the  tabular  difllorence  taken  out  of  the  extreme  right 
hand  ooluttn  of  the  page  (sae  8d). 

If  the  number  consists  of  more  than  four  figures  other  than  final  cypheroi 
or  if  the  number  be  a  decuaal  fraotioQ»  eypbera  imn^ediately  foUowuig  the 
decimal  point,  we  use 

BULB  YUL 

i\     Cui  off  ih^Jkttfi^ur figures  ani  eonsi4er  tt#  rsd  a<  0  iecimal. 

%\    Find  th$  mantissa  corresponding  to  tho  first  four  figures  (Kule  Til). 

3^  2Miply  tho  tafndar  diffirenes  hy  the  decimal  ctU  off,  i.e.,  by  the  remain- 
ing figuxes  of  the  given  nnmber^  and  etU  cfffpom  tho  rigU-hand  as  mim^figwos 
as  thoro  aro  in  tho  multiplier,  hut  at  tho  samo  timo  adding  unUg  if  tho  highest 
figure  thus  cut  off  is  not  less  than  ;. 

4"^.  Add  tho  integer  part  of  this  product  to  tho  figures  of  the  mantissa  just  fwnd. 
These  proportional  parts  are  thus  compiled  on  the  supposition  that  the 
difference  between  the  numbers  ^nearly  equal  to  each  other  J  is  proportional  to 
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the  differenee  hetwem  ^ir  hgorithmi.    This  proportion  caa  be  shown  to  be 
approximately  true. 

The  resnlt  is  the  mantissa  of  the  required  logarithm. 

The  charaoteristic  or  index  is  found  by  Bules  I  and  11,  pages  20  and  21. 

EZAMPLBS. 
Ex.  I.    Required  the  logarithm  of  28434. 

Tab.  diff.  Mantissa  of  3843  =   *453777 

153  Tab.  diif.  153  X  4  =  ^»»  =  +     6i 

X  4  Oharaoteristio    =  4 

6i,a  or  61  The  log.  of  28434  =  4'453<38 

We  seek  in  the  left-band  column  of  the  Table  for  184  (tbe  first  three  digits)  and  also  at 
the  top  of  the  page  in  one  of  the  horisontal  oolnmos  we  find  3  (the  fourth  figure),  then  in  a 
line  with  the  former  and  in  the  column  with  the  latter  at  the  top  we  haye  453777*  which  is 
the  mantissa  of  2843.  In  a  line  with  the  quantity  in  the  right-hand  column  marked  Diff., 
stands  tab.  diff.  153 ;  which  multiplied  by  4,  the  remaining  digit  of  the  given  number, 
produces  613 ;  then  cutting  off  one  digit  from  this  (since  we  have  multiplied  by  only  011$ 
digit)  it  becomes  61,  which  being  added  to  453777  (the  mantissa  of  3843)  makes  453838, 
and,  with  the  characteristic,  4*453838,  the  required  logarithm. 
The  logarithm  of  284*34  is  a'453838,  and  the  log  of  '028434  is  2*453838  or  8*453838, 
£z.  a.    Required  the  logarithm  of  13806. 

Tab.  diff.  Mantissa  of  1280  ^    *io72io 

338  Tab.diff.  338  x6=«02-8=3  +    303 

X  6  Charaoteristic  =  4 

202,8  or  303  The  log.  of  13806  :=  4*107413 

Ex.  3.    Find  the  logarithm  of  87  3457 . 

Tftb.  dift  Mantissa  of  8734  3=    '941 31 3 

50  Tab.  diff.  50  X  57  =  38*50  =     -f    39 

+  57  Characteristic  ==  5 

38,50  or  39  The  log.  of  873457  =  5*941343 

The  mantissa  of  the  first  four  figures  is  found  thus ;« Opposite  the  873  and  under  4  stands 
9413 1 3 ;  then  in  the  right-hand  column  in  a  line  with  this  stands  the  diff.  50,  which  being 
multiplied  by  57,  the  remaining  digits  of  the  given  number,  makes  3580 ;  from  this  we  out 
off  two  digits  to  the  right  (since  we  have  multiplied  by  tieo  digits),  when  it  becomes  18 ;  but 
as  the  highest  digit  cut  off  is  5,  we  add  unity,  which  makes  29.  Then  5*941313  (the  log- 
arithm of  8734)  -|-  39  =  5*941343  is  the  required  logarithm. 

Ex.  4.    Bequired  the  logarithm  ef  638007. 

Mantissa  of  6280  =:    797960  Tab.  diff. 

Tab.  diff;  69  X  07  =4-83=  4       5  69 

CharacterisCie  =5  X  07 

The  log.  of  628007  =  5-797965  4,83  or  5 

The  log.  of  628*067  is  2*798006,  and  the  log.  of  '00628067  is  3*798006  or  7*798006.  The 
mantissa  of  the  log.  of  each  of  these  numbers  being  the  same,  the  index  only  being  varied. 
(SeeBal€s  IandII> 


I. 

38475 

435*60 

13. 

aooooo 

19. 

365 15 » 

3. 

384-75 

78*604 

14. 

'056214 

20. 

997-1370 

3- 

"345 

32055 

15. 

'0098563 

21. 

321908 

4. 

54ra» 

10. 

0*78362 

16. 

643786 

22. 

1*0327^^4 

5. 

6666S 

II. 

lOOOO 

17- 

1 1 29*06 

^3. 

lOOOiJ, 

6. 

9»4V« 

13. 

•000800073 

18. 

•998095 

«4- 

59^V3 
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88l  To  find  the  natural  nnmber  corresponding  to  a  given  logarithm.— 
If  the  logarithm  be  given,  the  number  which  corresponds  to  it  mav  be 
found  by  the  following  roles,  which  are  the  converse  of  those  last  given  for 
finding  the  logarithm  when  the  number  is  given. 

Since  the  oharacteristic  denotes  how  many  placea  the  first  significant  figure 

stands  to  the  right  or  left  of  the  unit's  place;    conversely,  therefore,  if  logs. 

be  given  having  for  characteristics  i,  i*  3»  . .  •  •  T,  2,  3,  • .  •  ^  there  are  in 

the  integral  parts  of  the  number  to  which  these  logs,  belong,  2,  3,  4^  •  •  •  • 

o,  T,  2,  ....  digits  respectively.      In  illustration  of  these  remarks  take  the 

following: — 

Log.  4*589950  (in  wMch  characteristic  4)  gives  38900 

3*589950 3     •»      3*90 

»'5*995o  >      ••         3*9 

''5*9950  I      ••  3**9 

o'5*9950  f  o      ••  3'^9 

<.V&)   ^-'-     '^"^ 

In  which  it  will  be  observed  that  the  first  answer  must  consist  of  five 
integers,  because  the  index  of  the  given  logarithm  is  4;  that  the  second 
answer  must  contain  four  integers,  because  the  index  of  the  given  logarithm 
is  3 ;  that  the  third  answer  must  contain  three  integers,  beoatuM  the  index 
of  the  logarithm  is  2,  &c.,  &c. ;  and  that  the  sixth  answer  mus^  ie  a  deoiuial 
fraction  having  the  first  significant  figure  in  the  place  of  tenths,  because  the 
logarithmic  index  is  7 ;  and  lastly,  that  the  seventh  answer  must  oe  a 
decimal  fraction  having  the  first  significant  figure  in  the  place  of  hundredths, 
because  the  logarithmic  index  is  2. 

23b    From  the  foregoing  it  is  evident  that  when  the  figures  of  ^e 

natural  number  have  been  found,  we  must  place  the  decimal  point  so  that 

the  number  of  integral  figures  may  be  one  more  than  the  oharacteristic 

denotes.    Cyphers  must  be  supplied  to  the  right,  if  necessary,  to  make  up 

the  nnmber,  hence 

EULE  IX. 

Aid  I  to  the  eharaeieristie  of  the  given  logarithm^  and  mark  off  to  the  left  the 

number  of  ^figures  for  whole  numben;  the  rest  (ifmMf)  miU  he  deemale. 

If  the  characteristic  is  negative  place  the  decimal  point  to  the  left  of  the 
natural  number  found,  along  with  as  many  cyphers  as  may  remove  the  first 
significant  figure  to  that  place  of  decimals  which  the  index  expresses;  that  is, 
one  cjrpher  fewer  than  the  number  denoted  by  the  characteristic,  whence,  to 
find  the  place  of  the  decimal,  we  have  the  following 

ETTLE  X 

7%e  number  eorreeptrnding  to  a  logarithm  tcith  a  negative  tndifx  ie  wholly  decimal^ 
mnd  the  number  of  cyphers  following  the  decimal  point  is  one  less  than  the  charaeter^ 
ietie  of  the  logarithm.  .       .> 
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But  InfltMd  of  Ql«  negttti^  (diajpaeiemtle  ife  ^h^tthmtmH  complement  is 
■cmieitiaiefs  ueed,  ia  irbic&  eaee  we  pixieeed  by 

KTJLB  XI. 

Add  I  to  ih$  index f  and  stMraet  ih$  number  ihiu  found flram  lO;  the  remainder 
li  the  numierofeyphere  to  he  prefixed  to  fhefiguree  taken  out  of  the  Tallee.  Place 
the  dot  l^fbte  (hefiret  cypher. 

84.    To  find  the  Qatural  number  corresponding  to  imj  giren  logarithm* 
"Wh^n  the  mantissa  or  decimal  part  of  the  logarithm  can  be  fonnd  exaetlj 
in  the  Table^  we  proceed  by 

BinuBxn. 

i^  Seek  out  the  mantteeaf  and  take  from  the  column  No.  the  three  figures  in 
the  eame  horiaonte^  row. 

2°.    IVom  the  head  of  the  column  tale  the  fourth  fiffure. 

3^  From  the  characteristic  find  hy  the  rules  already  gieen  the  position  of  the 
decimal  point,  and  so  adjust  the  local  value  of  the  figures.  (Bules  IX,  X, 
and  Xlf  No.  23,  page  27). 

(0)  When  the  characteristic  of  the  yiven  logarithm  requires  a  greater  number 
of  digits  to  the  left  of  the  decimal  point  than  there  are  in  the  number  found  hy 
the  aiove  ndCf  the  deficiency  is  made  up  by  adding  a  suficient  number  of  cyphers 
to  the  right. 

(5)  If  (ho  natural  number  is  a  decimal  fraction,  and  the  final  figure  or 
figures  are  (sypherSi  they  need  not  be  written  down. 

TSxAlfFTJM. 

Ex.  t.    Oiyen  the  logarithm  2*698970,  to  find  the  natural  number. 

tiutering  the  Table  with  the  decimal  part  '698970,  we  fiad  the  aatuMl  number  cones- 
ponding  to  it  to  be  5,  or  ^o,  or  500,  or  5000,  &c.|  bat  as  the  index  of  the  logarithm  is  t,  the 
natural  nifmbev  mast  eontala  three  Integral  figures.  Henoe  the  natural  number  of  2*698970 
is  500. 

Ex.  a.    Giyen  the  logarithm  3*539954  or  7*539954 :  And  ttie  number. 

Entering  the  Table  with  the  decimal  part,  we  find  the  correspondiz^  number  is  3467 ;  to 
this  we  prefix  two  cyphers,  since  the  index  is  3 ;  or  adding  z  to  7  (8),  and  subtract  8  from 
10,  we  haTe  2,  the  number  of  csrphers  to  be  prefixed,  and  then  the  decimal  point ;  henoe  the 
number  oorrasponding  to  7'539954  »  '0034567. 

Ex.  3.    Whffi  nombir  eovrespoMlfl  to  the  logarithm  4'ai43i4. 

Th9  deciinal  part  of  the  log.  being  found  opposite  163  and  under  the  figure  8  at  the  top 
of  the  page :  therefore  tiie  digits  of  the  required  number  are  1 638.  But  as  the  characteristic 
Si  4,  then  SMst  be  in  it  5  plaees  of  integers.  A  oypher  is  annexed  (see  Sale  IH,  (a). 
Henna  the  required  number  b  16380. 

Ex.  4.    Bequired  the  natural  numbers  corresponding  to  logs,  0*176091  and  7^'ii6o^u 

(1)  The  mantissa  '176091  stands  in  the  Table  opposite  150,  and  the  column  with  0  at 
the  top;  and  the  characteristic  0  shows  that  one  of  these  is  integral,  whence  the  number 
sought  is  1*500  or  1*5  (see  Rule  IX,  page  27). 

(2)  The  mantissa  of  second  log.  being  the  same  as  that  of  ike  flrtt,  the  ootreaponding 
number  will  oonsisc  of  the  same  significant  figures,  but  tbe  dharaoteristic  4  shows  that  the 
first  significant  figure  (i)  must  occupy  the  fourth  place  to  the  right  of  the  decimal  point, 
whtooe  the  number  sought  is  *oooi5.    (See  Rule  Z  or  ZI,  pages  ^^  and  it)* 
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Ex.  5.  lU^ired  the  natnn}  Aiimber  whose  Icigaxitliins  are  respeotiTely  1*313514, 
o'30i4'*i  4'99<^9)9  3*299943  or  8*299943,  4'oooooc^  4*000000^  7*816109,  we  diall  find  them 
to  be  a«  MkHn :— 


i-«i35i4    = 

log.  of 

4s^9 

•303412    = 

» 

2*OiI 

4996993    = 

>» 

99310 

5'99943  I  — 
«-»99943  /  "" 

If 

'0199s 

4'oooooo    s: 

»» 

10000 

4*000000    sz 

M 

'OOOI 

7*816109    = 

>» 

65480000 

Where  it  will  be  obserred  that  the  first  answer  must  contain  only  two  integen,  as  the 
index  of  the  given  logarithm  is  i ;  that  the  second  most  contain  only  one  integer  as  the 
ehancteriatie  is  o ;  that  tlte  third  mos^onsistof  ^ve  iotegersi  becanae  the  index  of  the  given 
logarithm  is  4,  and  therefore  to  9931,  the  namber  found  in  the  TAble,  a  cypher  is  annexed, 
(see  Rule  Xlt,  [a) ;  and  that  the  fburth  answer  mustt  be  a  decimal,  having  the  first 
significant  figvre  two  pkwes  to  1^  vight  «f  die  ilsdoud  point  beeanse  ihe  ohaneiertstb  is  S ; 
the  fifth  answer  must  consist  of  five  integral  figoies  (a  cypher  being  annexed  to  make  np 
the  number)  since  the  characteristic  is  4;  the  mantissa  of  the  sixth  log.,  or  *oooooo,  gives 
tSieeorrasponding  natural  number  1000,  but  adjusting  the  dedmal  pnnetnation,  or  the  leoal 
value  of  the  figures,  the  chanacteristic  4  denotes  that  the  first  significant  figure  (i)  must 
stand  in  the  fourth  decimal  place,  and,  therefore,  three  cyphers  must  be  prefixed,  and  the 
nslmwal  sMaber  will  be  *oooi*-4he  three  final  oyphevi  not  being  written  down.  Finally, 
the  manttea  of  last  log.  being  fonnd  in  ike  table  gives  the  natural  number  oorreapooding 
as  6548,  to  which  annex  four  cyphers;  the  oharaoteristic  7  determines  the  number  to  consist 
of  8  lAtagral  fignzas. 


iro. 

I^. 

No. 

Log. 

No. 

Log. 

No. 

L6g. 

I. 

o-477iai 

9- 

Z't9%5<^ 

17. 

2-990561 

»5- 

f '99*  093 

«. 

0^041393 

fO. 

2-53»574 

18. 

4-54»5^9 

26. 

7-903524 

s- 

^fjttig 

It. 

••J»4t77 

P9. 

'•744^ 

»7. 

2'63i488 

4. 

I'i^ijdS 

IS. 

3-^M50^ 

2a 

7*501196 

28. 

9*901349 

s- 

a8is245 

JJ- 

7'000000 

21. 

7-875061 

29. 

3-662758 

6. 

2767898 

14. 

5-825426 

22. 

6'6o2o6o 

30. 

4*851258 

7- 

0*39445* 

»S- 

4*698970 

23- 

S-84509« 

3'. 

6*913761 

8. 

1*478422 

16. 

5'oooooo 

24. 

3*605197 

3». 

5868527 

25.  When,  as  xiaually  happens,  the  mantissa  cannot  he  found  exactly  in 
the  Tables,  but  lies  between  two  successive  records  in  the  Tables,  and  it  is 
proposed  to  find  the  corresponding  number  correct  to  six  places  of  figures, 
other  than  final  cyphers  immediately  following  a  decimal  point,  the  number 
is  to  be  found  by  the  method  of  proportional  parts,  on  the  supposition  that, 
between  two  successive  records  in  tbe  table,  the  number  advances  in  pro- 
pottkm  to  the  increase  of  the  logarithm. 

98.  To  find  the  natoxal  number  corresponding  to  a  given  logarithm,  when 
more  than  fbur  fig^es  are  required.    We  proceed  by 

EULE  XIII. 

1^.  Hmng  finmi  ih»  n$»t  lower  mmUdta  in  the  Taihi,  n&te  th$  four  figure 
^ohiek  MTW^md  U  it. 

2^.  JPVom  the  given  hgarilhm  subtrael  thai  taken  out  of  the  Tahl^e,  divide  the 
remainder  {annexing  ae  mang  egphers  ae  there  are  digits  required  above  four  J  hy 
the  tabular  di^brenee^  and  reduce  the  quotient  to  the/mn  of  a  deeimal. 
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On  to^ 

jarithm 

«. 

No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 

Log. 

I. 

r93i2i4 

7- 

5-7349<58 

»3- 

5*83i8« 

19. 

r-24i877 

3. 

3*6»5343 

8. 

5-8»39^4 

M. 

4-841989 

30. 

6*37  ipQO 

3. 

4*85»9«6 

9- 

4-994603 

15- 

4092561 

31. 

6146631 

4. 

4-361730 

10. 

4925936 

16. 

1-217845 

32. 

1-998813 

5« 

1725364 

II. 

5'09'5'a 

J?- 

3984671 

i3- 

4-93a847 

6. 

1-972521 

12. 

»-535"4 

18. 

4-463726 

34. 

5*56594» 

27.  De£ — The  aritlimetical  complement  of  a  number  is  the  number  bj 
which  it  falls  short  of  the  units  of  the  next  higher  denominator.  (If  x  is  any 
number  whatever,  then  the  arithmetical  complement  of  4;  =  10  —  x.)  It  is 
abbreviated  into  ar,  eo. 

To  find  the  ariihmetieal  eompUmeni*  of  the  logarithm  of  a  number. 

RULE  XIV. 

Begin  from  the  Uft:  iuhtraet  every  figure  from  9  up  to  the  lowest  eignifieant 
figure,  which  subtract  from  10.     Repeat  the  eypliers  at  the  end,  if  any. 

(a)    When  the  characteristic  is  negative  it  must  be  added  to  9. 

Examples. 


Ex.  r.     Find  the  ar.  00.  of  1*79043 

(a)    Ar.  CO.  log.  required    8-20957 

(a)  Thva  m  wy.  heginTiing  at  the  left  hand,  l 
from  9,  9  from  9,  7  from  9,  o  from  9,  4  frum  9,  and 
3  from  10. 


The  ar.  co.  of 


3-607218 18  6-392781 
0-7  F4000  „  9*2X6000 


Ex.  2.     Find  the  ar.  co.  of  9*085640 

(b)    Ar.  CO.  log:,  required   0-914360 

(h)  9  from  9.  o  from  9,  8  from  9,  6  from  9^  5  from 
o,  and  M  tiie  next  flgfure,  4,  is  the  lowe$t  9ifni(/UmiU 
tignre  (^ee  Rale),  wa  take  it  from  10,  whioh  leaTeed; 
lastly,  the  cypher  at  the  end  is  repeated. 

The  ar.  co.  of  T-i  17034  is  10-782966 
•        •      .3''7*68o  „  i2-8ai32d 


28.  A  subtractive  quantity  is,  by  this  means,  made  additive.  The 
process  is  equivalent  to  subtracting  the  number  from  lo,  and  the  reason  of 
it  is  evident  on  considering  that  to  add  3  and  subtract  10  is  the  same  as  to 
subtract  7.  In  like  manner  instead  of  subtracting  42"  10^  for  example,  we 
may  add  17"  50'  (the  complement  of  60"),  provided  we  subtract  i**  (or  60"); 
and  thus  any  number  of  quantities,  of  which  some  are  additive  and  some 
subtractive,  may  be  rendered  all  additive,  provided  that  the  larger  numbers 
which  are  employed  in  taking  the  complements  be  themselves  subtractive. 


MISCELLANEOUS. 
39,    We  here  insert  a  collection  of  numbers,  the  logarithms  of  which  are 
to  be  taken  out  of  the  Tables. 


I. 

8 

8. 

246 

15.        844-4 

32. 

4480000 

19. 

*OOOO0OO62 

4. 

o-i 

9- 

6390 

16.      -92096 

»3- 

93-7654 

30- 

30000-9 

3- 

4*9 

10. 

•1463 

17.       1 0000 

24. 

50000 

3»» 

88590000 

4- 

38 

ir. 

3-874 

18.     90808 

25- 

700090 

3*- 

287-642 

5- 

380 

12. 

•0876 

19.     -00058 

26. 

264000 

33- 

0003564 

6. 

lOO 

»3- 

0-125 

20.   •01587* 

»?• 

500909 

34. 

•000856736 

7- 

-0001 

14. 

0-0009 

ar.   -00044? 

a8. 

I 0000000 

35- 

6548000Q 

30.     Eequired  the  natural  number  of  the 

following  logariti 

ims:- 

- 

I. 

a- 3096 so 

8. 

3-56n6» 

»5-     3-959041 

22.    5-000000 

29- 

1-883030 

a. 

3-676968 

9- 

0-565021 

16.     0415974 

23-    a-88i955 

30. 

3'6a5343 

3- 

0-954243 

10. 

5*774'5a 

17.    T-oooooo 

24.     1-167317 

3»- 

1-725364 

4. 

1-698970 

II. 

3-000000 

18.     3-9H»43 

»5-    7-875061 

3»' 

1-617407 

5. 

0-000000 

la. 

6-3944S2 

19.     2716003 

a6.    0-000186 

33. 

3-686216 

6. 

2*000000 

»3- 

i'4r5674 

20.     o-414«94 

27.    6947385 

34. 

4'3"547 

7- 

»'5^4494 

14. 

5-954«43 

21.     5-606389 

28.    3*963081 

35- 

0-875061 

*  A  yeiy  onrions  and  valuable  artitice,  discovered  by  Gxjmtsb  aboat  1614. 


Digiti: 


zed  by  Google 


On  LogmrUhmi. 


8» 


SL    Finally^  we  Teoommend  the  student  to  commit  to  memory  the  follow- 
ing table  of  logarithms  to  two  places  :— 

Ho.  Lof.  No.  Log.  Ho.  Log. 

1.  oo  4«  60  7*  S5 

2.  30  5.  70  S.  90 
3-  4S  ^-  78  9-  95 


MULTIPLIOATION  BY  LOQAEITHMS. 
S3i    In  multiplication  we  proceed  by 

BULB  XY- 

1^  Find  (h$  logarithmi  of  the  numbers^  the  product  of  which  is  required.  (For 
the  method  of  taking  out  the  log.  of  a  number  see  pages  23  to  26). 

KoTSw^If  any  of  the  quantities  la  a  decimal,  either  the  negative  characteriatic  of  that 
quantity  or  its  arithmetical  complement  is  to  be  used  (see  Rules  II  and  III,  page  21). 

2^    Add  these  together,  the  sum  will  he  the  logarithm  of  the  product, 

3^.  Find  from  the  Tables  the  corresponding  number.  (For  the  method  of 
finding  the  corresponding  number  to  a  log.,  see  pages  27  to  28.) 

This  will  be  required  product. 

KoTB  I.— When  both  the  maltipHoand  and  multiplier  are  icheU  or  mixed  numbers  the 
diaraotaristics  of  the  logarithms  to  be  added  are  aU  positive,  and  it  is  cTident  that  their 
sum  wiU  be  positiTe^  and,  consequently,  the  product  is  a  whole  or  mixed  number. 

Hon  3.— Both  mnltiplicand  and  multiplier  being  decimals  (he  charaeterittics  mU  be  negative, 
and  their  sum  diminished  by  the  figure— if  anj— carried  from  the  sum  of  the  mantissas  or 
poaitiYe  dMaal  parts  will  be  negative^  and  the  produet  will  also  be  a  deeimal. 

Hon  3.— When  the  ariihmetieal  complement  of  the  indieet  are  used  instead  of  the  negative 
indices  (see  Bale  III,  page  ii),  if  the  sum  of  such  characteristics  exceeds  the  sum  of  tens 
borrowed,  the  product  will  be  a  whole  number ;  otherwise  it  will  be  a  decimal  (see  Exa.  6 
and  7,  pages  31  and  33). 

Nom  4-^If  MSM  eharaeteritiict  are  potUive  and  the  others  negative,  find  the  sum  of  the 
positiTC  oharacterittics,  together  with  any  flsrure  that  may  b»9  carried  from  the  decimal  part 
of  the  logarithm  (bear  in  mind  that  the  carrying  figure  is  always  positivs) ;  aUo  add  the 
negatiye  cluracterisiios  together;  subtract  the  leaa  of  theae  quantities  from  the  greater  and 
prefix  to  the  difference  the  sign  belonging  to  the  greater.  But  if  a  positive  and  a  negative 
characteristic  are  exactly  equal  to  each  cancel  both;  this  is  done  in  practice  by  simply 
drawing  the  pen  through  them. 

Examples.* 


I.    Multiply  77  ^y  'oo-     The  log.  of  77 
and  too  being  taken  from  the  table,  we  have 
77  log.  1*886491 
100  log.  I'OOOOOO 

7700  log.  3*886491 

▼•  hsTt  here  added  the  Ion.  of  the  gtren  fMton, 
•ad  hATing  sooKht  in  the  Table  for  the  mantiBwa 
•68S401.  «e  hare  found  the  figures  of  the  nat.  no. 
eorrcspnading  to  be  7700;  the  index  3  de  erminee 
fymr  of  theae  to  be  integral;  hence  the  product  is 
7700  (Bala  IZ.  pese  37). 


a.    Multiply  3456  by  300. 

345^  log-  3-538574 
500  log.  a'698970 

1728000  log.  6*237544 

The  mantisaa  of  log.,  tii  ,  '337544(  is  found  exaetlf 
in  the  Table  in  a  line  with  172  and  under  8 ;  but  aa 
the  charaoterietio  6  requirea  7  digits  in  the  inteeer 
part,  we  th<Tefiore  annex  3  cjphers,  which  gives 
1728000  aa  the  nat.  no.  oonesponding  to  the  proposed 
log.    ThisiaaooordingtoBuleZII  (a),  page28. 


•  In  theae  examples,  and  for  aereral  of  the  aubjoined  Ezerciaes,  the  logarithmic  is  more 
tedious  than  the  ordinary  method  of  calculation ;  the  purpose  here  iniended  being  aimply 
to  make  the  atudent  familiar  with  the  proceaa  of  finding  prodncta  logarithmioidly.  It  muat 
be  remembered  too,  thtt  by  the  logarithmio  prooeM|  we  geaeially  obtain  only  aa  appro^i* 
mate  Tiloo  of  tho  repaired  iwaU. 
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Oik  Zi^^Uhms, 


3.  Mnltiply  9^3  by  48*9  li;  oonunon 
loitarithms.  The  log.  of  963  and  48*9  being 
taken  from  the  Table,  we  have 

963^  log.  2*083616 

48-5^  log.  1-619309 

■I       ' 

log.  4'^7«935 

(next  lover  in  T^ble)    *67S9a9  girat  4709 


Product  470907 


93)600(0^ 
55a 


W6  hftTe  here  added  the  loga.  of  ifae  giten  fiuston 
iMotheri  vnA  t^itrfag  eougbt  fer  tite  gi^'eft  *T)i**tfiv 
*672C35,  which  it  nut  to  be  exactly  found  in  the 
Tables,  wa  obtain  the  n^t  leiM  nientiieii  '^^^fth 
the  flxnies  of  the  natural  number  oorreepoBOinf 
to  ▼huh  are  4709;  Jiea  we  nibtnot  the  tvtviMX 
mani&ta  (*67ac,a9)  from  the  given  vantissa;  the 
diffiTeroo  le  6,  to  which  two  ejrphers  are  annext  d, 
and  then  we  divide  by  the  H^uljr  difference  gi^ 
whvnce  we  obtain  07  nearly ;  the  remainder,  a% 
being  move  than  half  thedirieor,  1  ie  added  to  t^e 
laet  ft^uie  in  the  quotient  (6>;  attaddng  thesato  the 
four  Hzuree  obtained  prefieqplT,  we  hare  473907;  tb^e 
eharacteriatio  4  dterminee  Jbs  of  theae  to  be  la* 
tegral ;  lienoe  he  product  is  47^907  (Bule  IZ,  page 

a).    The  multiplier  Ojntaining  one  decimal  place, 
B  pndoet  ia  Wilted  out  to  OM  pUm  «l  4amiUi^ 


4*    Ualtiply  29*41  by  8*6  bj  comson 
logaritiims. 

39*4%  leg.  1*468643 
8-^Iog.  0*92449^ 

2*403141 
(next  lower  in  l^lble)    403 1 20*  g! yea  25  30 


Prodaot^yoi^ 


171)2100(12 -f 


In  this  inataaoe  thechsraaterifticof  th#  log.  of  the 
peoduet  is  «,  heaoe  the  iategval  part  of  the  natural 


number  must  ooatain  x  tignres  (&ule  DC,  p.  17) ;  but 
t  decimals  in  both  factors,  there  must 


llDce  there  are  ^ 


be  decimals  in  the  product— es  many  decimal  pla 
gs  there  are  in  both  the  multiplier  aiul  luultipfiQa 
toge  her.  In  ^41  hto  tia>  de&.mal  places  xnd  in 
froona;  ^enoe  la  the  Drqdu«(  three  deoiiaal  piaisea 
are  refaired.  making  with  the  three  Integral  fi.uras, 
in  all  six  places.  Ifow  the  nou  lower  mautiesa 
found  in  ue  table  gives  the  four  corresponding:  figures 
as^D^leaviaa^iM  OouieatoLbaftMMftd.  Sahtiaottha 
maaiissa  fouad  in  the  table  flrom  t'la given  one»  the 
leouiads*  U  u,  ta  whie^  anaaa  two  cgi>heBs  (two 
figures bej"*^'       "    *•  "  ..-. 

tia. 


I  being  to  be  f  nnd),  dividing  by  tab.  di&  171 
la.    (teBulaitti,Mia^.> 


•  This  loa.  is  taloaa  feem  KoM%  and  ie  t 

in  the  laat  dedm  iL  figure,  which  otwht  to  be  l,  as 
given iftfauaaaPaiabla;  t^twisb»  bejag  ^o^iaosa. 


S,    HnltiplT  '0^7  by  'O0339, 


the 
but 
thui:-* 

•0567  log.  8-75a5«3 
•00339  log.  7*530100 

•0001929  log.  4*283783 

Here  10  is  borrowed  to  find  the  oharaotBriftio  both 
of  tho  muUipiicand  oi&f  a«d  the  muH  plae  -e^lt 
(ase  Eule  UX  page  21).  The  sum  of  toe  eharao* 
teri^'ics,  including  the  1  carried  f^  m  the  decimal 
part  f  the  log.y  amwiaie  to  i6;  ikjset  laanA  write 
down  6  f  jr  the  index  uf  the  lag-  of  prodnct.  Then, 
sreldiig  in  the  Table  for  the  decimal  part,  vli., 
•98,783,  the  natural  number  oorrespondi'ig  to  it  is 
found  to  be  1912  *,  and  since  the  sum  of  the  indices 
x6  is  4  ^M  than  the  so  borrowed  (»ee  Bula  XV, 
Vote  J,  paee  )i).  the  produet  is  a  deelmal  ftaetion, 
and  the  ^rtt  nan{^ieo$U  digit  must  stand  ia  the 
Ibnrth  decimal  place ;  henoetlie  pcoteot  la  •0001922. 

Or  thus— 'Wog  n«g«ftiTO  bdicee  :— 

•05^7  \og-  i-7515»3 
•00339  log.  3*530200 

•0001922  log.  ?'2&378.3 

la  addimr,  vhea  ve  come  to  the  plaoe  of  tenthi^ 
the  process  is  5  and  7  are  x?,  s  to  put  down  and  i  to 
carry,  and  sinoe  the  oharaoteris'ics  are  both  n^^rative 
(T)  and  (T),  we  diminish  their  sum  (T)  by  th-  num- 
ber ceniid  (1),  vhich  leavea  7  t»t  the  mdev  (ms 
Bule  XV,  No  e  >,  page  jiV  We  T>iefl^  J  cynhecs 
becauA*'  the  ind<-*z  beinir  « the  first  t>igniflcani  flifure 
of  I  ffoduct  must  stand  in  the  foutlh  plaee  fraaa  the 
deciaai  point  C&ule  X»  peg*  *7i* 


d.    Multiply  24000  by  '000^3. 

»40oo      loff.  4-3lo»rt 
•O007«3      lg|^6-l93?6o 

18*7919  + log.  r»73p73 


Hetaia-'vae 


ftaiaiaaol 


the  log  of  *03078t,  and  tta04  the  sam  oC  the  ladifleg 

(including  1  carried  from  the  deeimal  part  oft6g.(ia 

,  va  zvMfll  or  Mi^  lies^  the  to  hoixp  vaik  ▼«oh 

1  fir  ih  •  index,  and  the  nau  numtiprjiorTee- 


to  the 


leaves 

ponding  is  Ibund  to  be  187919,  and  we 
luht  Wo  fi8V«  ft  meee  ihafi  the 
whence  the  answer  is  18*79x9  «f, 


Ortiiwe    iriig  negate  indioeic  b.  6. 


•000783 


k|g.4*3802l£ 

log.  4-893762 


18-7919  + log.  1*273973 

Here  the  1  vhieh  is  amiiA  ^ler  aMtag  8  aad 

«  (in  the  place  of  teuthi),  instead  of  increasing  the  7 
leaves  T.   Thie  ia  according  to  Bule  XY,  Note  4, 
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7.    Find  the  product  of  '073  bj  *oooaS 
\fj  loganUuna. 

•07^  loqr.  8-863311 
-00018  log.  6*44715! 

'00001044  log.  5*310481 
VLmn  10  is  borrowed  in  flndinir  the  ehamoUHsHas 
•rborh1k0fon(&aleIII,i«mai).  Thsnimof  both 
oli«r40t«na»>c«.  i'lClndinff  tbo  1  otrried  fron  tho 
ifeouial  T  Tt  of  the  lo  r  ,  lUttoanto  to  15,  rqffeot  10  and 
writ«  4ovn  s  for  tlki>  iodoz  of  tho  lof .  of  tho  rtroduob; 
and  rfnoe  thi*  v^m  ot  tho  eharftOMTtrice  la  J^M  thitn 
tho  sam  of  tona  boritrpod  tho  pfoduot  io  ft  dooioua 
(M  Bulo  XV,  Nou  i,  po(o  31}. 

Or,  oiiAg  tho  Bogfttiye  chftimcierUtio^ 
Ihiu: 

•O73log.?-8633a3 
*oodi8  log.  4*447  ^58 

-00002044  log.  5*310481 

In  ftddiiig,  whea  wo  oomo  to  tho  plaoo  of  tentha, 
I  la  5  and  8  are  13,  3  to  put  d9wn  oad  1  to 


cairj;  and  this  liompoaiuToqiMatity.  Honoeiatho 
■hoTo,  + 1 ,  ~  a,  and — 4  are  to  bo  algebraioiaiT  addod 
togoih^r  to  form  the  n^w  ehAneteri^tio.  Tlio  aam 
of  tho  two  eharaotonaiicn  (both  nofotiTo),  via.,  -  a 
md  —4  is  -4,  whioh  diminkhcd  bT  +  i  \%Kwe%  —5 
far  tho  BOW  ehftneteristle.  We  pr-fix  >Mr  eyphrrs 
hoeoiiao  tho  oaftzaet^af  io  bainc  «  ahowa  that  ttio 
flnt  aiiptifioant  fi^uio  moat  itaad  m  the  &fta  dodraal 
fiMt.    (RuloZ,pag«t7.) 


8.    Required  the  product  of  I7*i5>  "^^^9 
and  0*065. 

«7'»5^<>gr-  i'a3^789 

*8i  log.  9-913814 

'o65log.  8*811913 

0*919415  log.  9*963$ 1 6 

Hero  13 ia borrowed  to  finl  the oharaoterUttot of 
I0?.  of  both  of  the  iv^nd  aad  t'.ird  factota^aad  lab- 
traotinff  the  sun  of  tho  in  lioo',  19  frooi  m  learee  i ; 
the  aum  being  U»9  than  the  number  boirowod,  tho 
prodact  i^  a  decimal,  and  honce  the  flrat  cisnifloant 
figure  muat  ooeupj  t  n^  ftrot  pUoc  to  tho  right  of  U.0 
deoiBud  p iint.    (tSoe  Ru  e  XT,  Note  3,  page  31.) 

Orthoi:— 

17*15  log.  1-136789 

•8ilog.  T-913814 

'065  log.  2-812913 

o  919425  log.  7  963516 

Uoio  wo  hare  1  to  carry  fk'oin  the  mantissa,  which 
added  to  the  povidve  ch;iraote.istic  1  (eharaoteristio 
of  log.  t7es«eeoaboTe)makeepooitiTeft.  Mow  the 
sum  of  the  negative  indices  i"  T  (negative  |},  and, 
ther*'ore,  ainee  whte  one  ia  posit  tc  and  the  other 
is  negative,  the  diAsrvnoo  ••  the  chanoteriatie;  wo 
have  -t-  a  from  T  leaves  T  for  the  charaoterieao  (aeo 
nule  XY.  Note  4,  ptge  3I),  and  the  llxst  aignifleant 
ft  mre  of  th  i  qootient  must  oocupy  tho  flrat  ptaoa  to 
the  light  of  the  dec  mal  point.    (Rule  IX,  pegs  17.) 


EXAMFLSS   JOB  FiUOTICK. 

I.    Multiply  by  logi.  85  by  70 ;  100  by  10 ;  369  by  9 ;  and  567 1  by  4-7. 

2. 

3- 

4. 

5- 

6. 

7- 
8. 

9- 

lOw 
II. 
IB, 


538  by  1-74;  601  by  j8;  250  by  11*5;  end  3964  Ly  7. 

20-42  by  0-5 ;  3-646  by  0*75 ;  1*745  ^7  ^'H'.  *ttd  5*791  by  6*5. 

517  by  659;  60*609  by  71;  1-955  by  10*04;  and  758875  by  8. 

280054  by  50;  30967  by  90;  237 16  by  350;  and  45670  by  690, 

78960  by  400;  75*'*75  ^7  * ;  94'055  ^J  74;  and  1975  by  1076. 

732  by  543;  587  by  66*4 ;  3000  by  100-14;  *nd  60060  by  700. 

543*29  by  3800*61;  87*105  by  4*09 ;  and  109-36  by  46. 

348*25 by 7*115;  498i56by4r2467;  56-34»^ by  013579;  -11345^ by 26813*9. 

-0001468  by  -000395;  0-0006  by  10*0004;  *6o5  by  -00000091. 

5»7'45  by  1-6938;  -007461  by  •3J5«7^7;  •«<!  •o7«>397  by  -008^752. 

-1  by  -J ;  *oooi  by  -ooooi ;  *oii  by  i-oi  and  -ooioi ;  and  1000  by  loo. 


DiyiBION  BT  LOGARITHMS. 

33.    In  dtTiskm  we  proceed  by 

BULE  XVI. 

i<*.    FM  ih$  logariihmt  of  th§  numiers  ih§  quoiimU  of  which  ts  rBquiroi. 

Nors.— If  the  dividend,  or  diTiior,  or  both,  are  deoimali,  the  negntiTe  cbarAoteristic  of 
that  quantity,  or  its  arithmettcal  oomplement,  ia  to  be  used. 

2^.  SMraH  iho  logarithm  of  tho  divioor  from  that  of  the  dividend  f  adding  10 
to  tho  eharaoteristio  of  this  hut,  if  required  J;  the  difference  will  he  the  logarithm 
oj  the  quotient. 

3^    Find  from  the  Tahlee  the  corresponding  numier. 

This  win  be  ibe  repaired  quotient 
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Otk  ZofmrUimi. 


Note  i  .—It  may  be  neceMary  to  remind  the  learner  that  a  decimal  namber  ia  greater 
or  lees  than  another  decimal  according  to  the  position  of  the  first  figure  of  each  with  reapect 
to  the  decimal  point,  and,  also,  the  relatiye  values  of  these  figures,  and  not  according  to 
the  number  of  decimal  figures.  For  instance  *8s  is  greater  than  '49 ;  because,  although  the 
first  figure  of  each  is  in  the  same  place  with  respect  to  the  decimal  point,  yet  the  first  figure 
(-8)  in  the  first  case  is  greater  than  the  first  figure  (*4)  in  the  second  caae.  Again,  take 
-00742  and  *34;  the  decimal  '34  is  the  greater,  bsoause  its  first  figure  (*3)  is  nearer  the 
decimal  point  than  the  first  significant  figure  ('7)  in  the  decimal  '0074a « 

Note  2.— When  the  divisor  is  leee  than  the  dtridend  the  characteristic  of  the  tog.  of  the 
quotient  will  come  out  positive,  and  the  quotient  is  a  whole  number;  but  when  the  divisor 
is  greater  than  the  dividend  the  characteristic  of  the  log.  of  quotient  will  come  out  negative— 
the  quotient  itself  being,  evidently,  a  decimal;  but  if  we  wish  to  avoid  the  use  of  negative 
characteristics  it  will  be  necessary  to  add  10  to  the  characteristic  of  the  dividend  when 
subtracting  the  logarithm  of  the  divisor,  and  the  characteristic  of  the  remainder  is  the 
arithmetical  complement  of  the  negative  characteristic  of  quotient. 

NoTB  3.— When  the  dhavacteristic  of  the  divisor  is  the  larger,  or  when  the  negative 
indices  are  used,  the  indices  are  subtracted  as  fcillows :— lAdd  the  carrying  figure  (if  any)  to 
the  index  of  the  divisor,  if  the  latter  is  positive,  but  subtract  the  carrying  figure  if  the 
index  is  nee:ative,  naming  the  difference  positive  or  negative  the  same  as  the  larger ;  mw 
ehange  the  eign^  and  add  it  algebra^'oally  to  the  other  characteristic,  as  shown  in  the  rule  for 
multiplication.  If,  for  the  sake  of  convenience,  the  line  containing  the  quantity  to  be  sub- 
tracted, when  the  quantities  have  been  written  down  one  under  the  other,  is  called  the  take 
line,  and  the  quantity  from  which  it  is  to  be  subtracted  the  from  line,  then  subtracting  in 
the  usual  way  until  we  come  to  the  characteristics ;  if  their  signs  are  alike  take  the  diflbrenee 
of  them,  and  if  the^osi  line  is  the  greater  prefix  to  the  remainder  the  given  eign  ;  but  if  the 
take  line  is  the  greater  prefix  the  emtrary  of  the  given  sign.  If  the  signs  are  different,  take 
the  tmm  of  the  characteristics  and  prefix  the  sign  of  the /rom  line  The  figure  borrowed 
when  Bubtraoting  the  decimal  part  of  the  logarithm,  when  carriei  to  the  characteristic,  is 
always  to  be  added,  and  therefore  maket  a  negative  characteristic  less,  thus  a  carried  to  3 
makes  it  3. 

BZAMPIBS^ 


1.  Divide  3191  by  76. 

The  Insr.  of  319a  is  taken  out  according 
to  Rule  VII,  page  24,  and  the  log.  of  76  by 
Bule  V,  page  23. 

3192  log.  3-5040^3 
76  log.  1*880814 

Quotient  42*0  log.  1*623249 

2.  Diride  944*7  by  2'oi. 

944-7  log.  2975294 
a-oi  log.  0*303196 

Quotient  470  log.  2*673098 


%,    Divide  83077a  by  983. 

The  log.  of  8 10772  is  taken  out  by  Rule  Vm,  pege 
25.  Seek  in  the  left-haad  oolamn  of  tiie  Table, 
marked  No.  at  the  top,  for  830  (the  flrit  three  dixite}, 
and  aleo  at  the  top  of  the  po^e  fai  one  of  the  hon- 
aeatal  eolamos  for  tlie  foarth  Bjrare  7,  tht*n  in  a  line 
with  the  fiMt  and  under  the  latter  we  have  91Q444. 
In  a  line  with  this  quantity  and  in  the  riiht^hand 
oolumn  marked  D\ff.  stands  51,  which  multiplied  by 
the  remaining^  fimres  of  the  nat.  number,  viz  7a, 
preduees  3744 :  then  cutting  off  two  digitti  from  iLese 
(dnce  we  multiplied  by  two  digits)  it  becomes  ;7t 
which  being  added  to  919444*  the  mantissa  of  8307, 
makes  919481,  and  «fth  this  eharaoteristle  s,  is 
5-919481.    The  work  will  stand  thus  :— 

Lo$r.      8307  =  919444       Tab.  diff.  52 
Diff.  for    7>  +         37  X  7» 


9*948^ 


830978  log.  5-91948 1 
982  log.  2*992111 

Quotient  846*0  leg.  2*927370 


104 

J— 
37.44 
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4*    DWide  3672  by  51000. 

367* lag«  35^4903 

51000  log.  4  707570 

Qaotient  '072  log.  8*857333 

fi«ro  10  is  added  to  the  ehancteristic  of  the  divi- 
dend before  s  ibtr^cting  log.  of  divisor,  and  to  avoid 
negative  charactemties.  The  divirar  being  greater 
Outn  the  dividend  the  quotient  is  evidently  a  dedmal. 
(Sm  Note  1,  page  34). 

Or  thwy  Qtiog  negatiTO  charaeterislloB  :— 

3671  log.  3-5^4903 
51000 log.  4707570 

•07a  log.  5-857333 

In  this  instance,  vhen  carrying  1  to  the  character* 
istio  4,  wo  have  to  sabtiact  5  from  3,  which  gives 
—a  (ne;^ative  2) ;  or  by  Note  a.— Take  the  diflference 
of  otitracfiensticis  as  thej  are  of  the  same  sign  ( +), 
and  |«eflx  a  contrary  sign  (— }  to  the  remainder, 
tha  teJfceUnebdag  fhe  greater. 


5.    Ditida  '01958  by  '4828. 

*oiQ58  log.  8-29 1 81 3 
•4828  log.  9-683767 

'04056  log.  8*608046 

Before  subtracting  the  leg.  of  divisor  (torn  that  of 
the  dividend  10  nnut  be  added  to  the  chuaoteristio 
of  the  dividend ;  the  quotient  is  therefore  a  decimaL 
Or  using  negative  characteristics  ths  work  will  stand 
thtis:- 

'01958  log.  s*29i8i3 
'4828  log.  1-683767 

'04056  log.  2*608046 

To  obtain  the  characteristic  of  the  quotient  (T)  the 
1  that  is  carried,  and  which  is  f  jsitive,  is  added  to 
the  T  producing  o,  which  has  then  to  be  sub;raeied 
from  T,  leaving  7. 


6.    Divide  26843  by  '03010. 
lOR.     2684    =428782*        Tab.  diff.  162 

X  3 

48.6 
or  49 


Diff.  for       3  =  +    49 
Log.     26S43  =  428831 


*  Bapers. 


2684310^.4-428831 
•03010  log.  8-478566 

S91794  log.  5-950265 

219 


49)4600(94  nearly. 


Ortlrafft-^ 


26843 log.  44>**3* 
•03010  log.  5-478566 

^9«794 log.  5*950265 

^ere  the  characteristic  of  the  second  log.  is  T, 
Vat  flDllewiag  the  rule,  we  have  ebanged  it  to  posi- 
tive a.  The  characteristic  of  first  log.  beiny  positive 
4*  the  two  are  added,  the  sum  being  positive  6,  but 
hnvtng  borrowed  1,  the  correct  charaoteristio  is  5,  and 
being  p3sitive,  the  quotient  will  contain  6  integral 
figures. 


7.    Divide  '8  by  'ooooooa. 

•8  loic.  9*903090 
'O0O00O2  log.  3-301030 

4000000  log.  6*632060 

The  divisor  being  le—  thnn  the  dividend,  the  quo- 
tient is  evidently  an  integer,  and  the  charaoceristic 
denotes  that  it  i<9  a  whole  number  oonnstinr  of  seven 
pl^oes  of  fimiTiM;  cyphers  are  then- fore  annexed  to 
make  up  the  required  number 

Or,  Log,  -8  =  T'903090 

Log.  -OOO0O02  ^  7*301030 


Log.  4000000  =  6*602060 

The  characteristics  are  both  negative,  take  their 
difference,  and  prefix  to  the  remainder  the  oontrary 
sign  to  the  given  oiifi»  as  the  take  one  is  tha  greater 


8.    DtTide  '00815  ^7  '000275. 

0*00815  log.  7*911158 

0*000275  log.  6439333 

Qiotient  29*6364  log.  1*47 '8  25 

Or,  -00815  log.  3-911158 

•000725  log.  4*439333 

19-6364  log.  1-471825 

Theindex  of  the  divisor  7  being  supposed  changed 
to  positive  4,  the  diffidence  between  which  and  IT 
leaves  positive  1  lor  index  of  quotient.  Or,  proceed- 
ing aooirding  to  Note  ^^^ince  the  c^amcteristics 
have  like  signs  take  thsir  difforcne ' ;  th'j  remainder 
takes  a  posmve  sis n.  or  a  contrary  sign  to  t*ic  iak$ 
line,  which  is  the  greater. 


9.    Divide  •012550  by  1004000^ 

•012550  loi?.  8*098644 
1004C00  log.  6-001734 

*oooooooi25  lo^.  2*096910 

The  divisor  being  greater  than  the  dividend,  the 
quotient  is  a  dccia.aL 


Or, 


'012550  log.  2-098644 
1004000  log.  6*001734 


•0000000125  loflf.  g'096910 

The  chamctpristic  of  the  dividi'nd  is  T,  that  of  tke 
divi-or  positive  ;  then  according  to  Note  a,  the  signs 
being  unliktf  take  the  turn  uf  the  ^.haracteristics, 
prefixing  the  sign  of  the/»*0ai  line  (— ). 
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Ezurpisfl  TOR  PBAonoi. 

t.  Dmde  6391  by  77 ;  21636  by  36 ;  93750  by  750;  and  11843*  ^7  495* 

'•  99       9504000  by  9S;  45000  by  9;  6071000  by  8;  and  58469  by  98  c. 

3«  9»       783*54  by  250689;  '7963*  by  '019354;  -0092852  by  *ooo346i, 

4.  „       -0008464  by  -0001852;   -05826  by  -95381 ;  -019354  by  -79632 ;   -00005  by  2-5, 

by  25,  and  by  -0000025. 

5.  „       77000000  by  9999 ;    683300  by  681500;    foo-002  by  i'03r2. 

6.  ^       999999  ^7 '©i-m  ;  57634*1  by 2764;  69-7565  by  '975^4;  *nd  3;i740 by  5678a 
7*        „     '  40048000  by  800;  11123100  by  340;  18692TO  by  90;  and  1875000  by  15000. 

8.  „       248-25  by  36^87;  •2353^6  by  293-864;  5-6949  by  53058;  3876000  by  1200. 

9.  19^72;  19-1-  -72 ;  -19  -f-  -72  ;    19  -7-  -0072 ;  6  -J-  -0000003  J  *"^  9  "5"  •0000003. 

10.  -1-^-0004572;   i-f--ooii636;  ii-2221-f- f  it;  4000-7- -cooii^;  wn'l -561625-7-52643. 

11.  -0001 -T- -oooi ;  loooooo -7- -ooooooi ;  lo-s- leo;  -0000000 1 -7- -00000 r;  1000 -f-tV. 

34.  When  it  is  proposed  to  find  the  ralue  of  an  expression  in  which  both 
multiplication  and  division  are  signifipd,  the  snm  of  the  logparithms  of  the 
factors  of  the  dividend,  diminished  by  the  sum  of  the  logarithms  of  the 
factors  of  the  dirisor,  will  be  the  logarithm  of  the  valae  required. 

EXAirPLE. 

"9  X  573  X  63 

Thui :  to  find  the  value  of — .  ae^  log.  2*320146 

287  Xaioi  573  log:.  2-758155 

63105.1-799341 

287  log.  2-457881  

2101  log.  3-311426  6-877642 

5-780308 


5780308 


Am,  :  12-5122  log.  1-097334 


35.  It  is  Tory  often  expedient  to  transform  the  logarithm  of  a  divisor 
into  that  of  a  multiplier,  and  it  is  customary,  in  such  calculations,  to  avoid 
not  only  negative  logarithms,  but  negative  indices  also,  by  substituting  for 
a  subtraction  logarithm  its  arithmetical  complement  fSse  No.  27,  page  $oJ. 
This  makes  the  operation  consist  of  a  single  addition,  only  we  roust  diminish 
the  result  by  subtracting  10  for  every  arithmetical  complement  that  has  been 
used.  By  this  moans  the  process  of  division  is  less  open  to  error  from 
mistakes  when  logarithms  with  negative  characteristics  would  be  subtracted.* 

To  apply  tbii  method  to  the  example  ai)ore :— H iring  fonwd  in  the  Table  the  log.  of  tha 
diYifor  287,  we  may  at  once  transfonn  it  into  the  aidition  logiritbm  7-542 118,  and  rimilarly 
for  the  log.  of  2101  we  may  wrste  6  677574,  and  then  the  calcolition  will  proceed  oon- 
tinu  /U»ly  a»  follows : — 

209  log.  2-320^46 
573  log.  2-75815? 
6)lo?.  I '79934' 
287  ar.  CO.  7-5411 18  —  10 
2101  ar.  CO.  6-677574  —  10 

'•097314  Am, .'  12*5122 

*  To  diTide  by  any  nnmb^r  n  is  th^  sam'^  in  effbet  as  to  mnViply  by  its  reoiprooal  ^  (that 
If,  the  qnotient  of  nnity  dlriied  by  that  number,  and  i^  eo  cnlM  from  an  exchange  of 
plaeea  between  a  nnm  ra^or  and  d<»norninator :  thns,  the  r<)cipro'*al  of  }  is  {,  that  of  6,  or 
f  I  is  i)-    Therafore  to  anbtract  loj.  n  is  the  same  in  effect  as  to  add  bg.  «  =  o  —  log.  n. 
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EzAVPLsa  TOR  Pbaotici. 
I.  7  X  873  U  X  -00769  X  6X3  8-4  X  -0769  X  -00683 

•54963  59'  X  •0000146  X  -039  59-8  X  •0000146  X  '0039 

a-  67038  X  '010705  X  4i5i5  »'*04S  X  i'3564  X  '0941537 

•7854  X  r»4»6  X  086725  48*375  X  27i8a8  X  5»359 

3.  Diviie  *o63r4  X  "7438  X  •i0J3<7  by  •007111  X  ii'9476  X  •4965*3.  ^ni  compafe 
tlM  resolt  wiik  the  prodaot  of  8-71979  X  '057 147  X  '0206168. 

86.  Degree  of  Dependence.— The  number  of  places  of  figures  wlnoh  may 
be  obtained  in  a  result  derived  from  any  table  of  logarithms  is  the  same, 
nsaallj  rejecting  prefixed  cyphers,  as  the  number  of  decimals  to  which  the 
logarithms  are  carried.  But  towards  the  end  of  the  Table  the  last  place  thus 
obtained  cannot  always  be  depended  npon  within  a  unit,  that  is,  provided  the 
mantissa  of  log.  is  greater  than  '93S8.  Thus,  for  instance,  the  log.  37^7; 
corresponds  to  the  no.  5721  and  the  log.  3*7576  to  ^722,  nearly.  It  will 
moreorer  be  noticed  that  the  log.  tables  are,  in  fact,  useless  for  dealing  with 
numbers  consisting  of  more  than  eight  places  of  figures.  Thus,  for  instance, 
we  should  not  find  any  difference  between  the  log.  of  23'47832  and  the  log. 

o'«3'4783»97- 

Ihis  remark  should  be  kept  in  mind,  because  it  is  mere  waste  of  time  to 
employ  more  figures  than  are  required  to  iosure  a  certain  degree  of  precision 
in  the  result 
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TRIGONOMETRY, 


MEASURES  OF  ANGLES  AND  ARCS. 

S7.  Trigonometry  is  that  branch  of  Mathematics  which  treats  of  methods 
of  subjecting  angles  and  triangles  to  numerical  computation. 

In  the  present  state  of  science  it  has  a  more  extended  signification,  and  is  understood  to 
embrace  all  theorems  and  formulee  which  express  the  relations  which  exist  between  angles 
and  certain  quantities  dependent  on  them,  called  Trigonometrical  Functions. 

88.  Plane  Trigonometry  treats  of  methods  of  computing  plane  angles 
and  triangles. 

89.  By  the  solution  of  a  triangle  in  trigonometry  is  meant  the  compukfUon 
of  unknown  parts  of  the  triangle  from  given  ones. 

The  triangle  has  six  parts ;  three  angles  and  three  sides.  It  is  shown  in 
geometry,  that  when  any  three  of  these  parts  are  given,  provided  one  of 
them  is  a  side,  the  triangle  may  be  constructed,  and  the  unknown  parts 
found  by  mechanical  measurement. 

In  the  same  cases,  by  trigonometry,  we  compute  the  unknown  parts  from 
the  three  given  ones,  without  resorting  to  construction  &nd  measurement :  a 
method  of  inferior  accuracy,  on  account  of  the  unavoidable  imperfections  of 
the  instruments  employed,  and  the  difficulty  of  distinguishing  with  the  eye 
the  smallest  sub-divisions  of  lines  and  angles. 

But  here  also  the  case  is  excluded  in 
which  the  three  angles  are  given  without 
a  side,  because  there  may  be  an  indefinite 
number  of  plane  triangles,  whose  angles  pj^,  i^ 

are  equal  to  the  same  three  given  ones, 
as  in  Fig.  i ,  the  triangles  A  B  G,  A'  B'  CT, 
&o.,  are  similar,  and  their  sides  are  pro- 
portional, or  the  ratio  of  AB  to  AG  is 
equal  to  the  ratio  of  A  B'  to  A'  G',  &c.,  so 
that  the  ratios  of  the  sides  to  each  other 
are  fixed,  or  determinate,  although  the 
absolute  lengths  of  these  sides  are  in- 
definite. 

40.  Now,  in  order  to  subject  a  triangle  to  computation  we  must  first 
express  the  sides  and  angles  by  numbers.  For  this  purpose  proper  units  of 
measure  must  be  adopted. 

The  units  of  measure  for  the  sides  of  plane  triangles  is  a  straight  line,  as 
an  inch,  a  foot,  a  mUe,  &c.,  and  the  number  expressing  a  side  is  the  number 
of  units  of  the  adopted  kind  that  the  side  contains. 
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41.  The  unita  by  which  angles  are  expressed  ore,  the  degreOi  miuutei  f^nd 
second,  distiDguished  by  the  characters  °  '  ''. 

A  iegr$e  is  an  angle  eqnal  to  i-9oth  of  a  right-  ^'^S*  ** 

ftBgle;  or  a  degree  is  i -560th  of  the  whole  angular 
space  about  a  point,  or  i-36oth  of  four  right-angles. 
Thus,  Fig.  2,  if  the  angular  space  about  0  is  diyided 
into  360  equal  parts,  of  which  AOB  is  one,  then 
AOB  is  one  degree.  The  right-angle  will  be  ex- 
pressed by  90°,  two  right-angles  by  180^,  and  the 
whole  angular  space  about  a  point  by  360° 

A  mifmU  is  an  angle  equal  to  i-6oth  of  a  degree. 
Therefore  i*  =:  60' ;  and  the  right-anglo  =  90  X  60  =  5400' 
A  i$eand  is  an  angle  equal  to  i-6oth  of  a  minute. 

Therefore  i'  =  60*;  1*  =  60  X  ^o""  =  3600';  and  a  right-angle  =  90  X  60  X  60  = 
324000'. 

Angles  less  than  seconds  are  sometimes  expressed  by  thirdt.  But  the 
more  convenient  method  is  to  express  them  as  decimal  parts  of  a  second. 

MEA8UEES  OF  ARCS. 

42.  Since  the  angles  at  the  centre  of  a  circle  are  proportional  to  the  arcs 
of  the  circumference  intercepted  between  their  sides,  these  arcs  may  be  taken 
as  the  measures  of  the  angles,  and  we  may  express  both  the  arc  and  the 
angles  by  the  number  of  uniU  of  are  intercepted  on  the  circumference. 

The  units  of  arc  are  also  the  degree,  minute,  and  second.  They  ave 
the  arcs  which  subtend  angles  of  a  degree,  a  minute,  and  a  seeond  respec* 
tiTely,  at  the  centre.  A  degree  of 
an  aro  is  thus  always  i -360th  part 
of  the  circumference,  whateyer  the 
radius  of  the  circle  may  be,  and  we 
obtain  the  same  numerical  expres- 
sion of  an  angle,  whether  we  refer 
it  directly  to  the  angular  unit,  or  to 
the  corresponding  unit  of  arc.  The  > 
right  angle  AOA",  Fig.  3,  and  its 
measure^  the  quadrant  A  A',  are 
therefore  both  expressed  by  90°; 
the  semidronmference  by  180®; 
and  the  whole  circumference  by 
36o^ 

43«  The  radius  of  the  circle  employed  in  measuring  angles  is  thus  arbi- 
trary, and  we  may  assume  for  it  such  a  value  as  will  most  simplify  our 
ealeolations. 

44.    The  Cini^l$mmU  of  an  angle  or  arc  is  the  remainder  obtained  by 
subtracting  the  angle  or  aro  from  90^. 
ThiN  the  complement  of  60''  is  30^ ;  of  49''  i%')m  ^^  iS'  \  of  56'  3'  ^V  is  if  56'  »\ 
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45.  The  8uppUm$nt  of  an  angle  or  arc  is  the  remainder  obtained  by 
Bubtractbg  the  angle  or  arc  from  1 80*. 

Thus  the  sapplement  of  60°  is  120°;  of  19®  37*  is  150®  13';  of  4S®  26'  4a*  is  i3i»  33'  iV. 

46.  Haying  expressed  the  sides  and  angles  of  triangles  by  numbers,  we 
have  next  to  find  such  relations  between  them  as  shall  enable  us  to  combine 
these  two  different  species  of  quantities  in  computation. 

47.  Trigonometrical  Functions  of  an  Arc^There  are  certain  Unu  called 
trigonometrical  functions  of  the  arc9  on  which  they  depend,  and  which  are 
defined  as  foUows : — 
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With  0  as  centre  andi 
any  line,  0  A,  as  ra-l 
dius,  describe  a  circle.' 
Through  0  draw  two 
diameters,  AA'and  DD',' 
at  right-angles.  Let 
AB  be  any  arc  measured 
upteards  from  the  radius 
OA.  From  B  the  end 
of  the  arc  let  fall  BP 
perpendicular  on  OA, 
and  BQ  perpendicular 
on  0  D,  and  at  the  points 
A  and  D  draw  the  lines 
AT  and  DS  touching 
the  circle,  and  meeting 
the  radius  OB  produced 

in  the  points  T  and  8.  o^ 

DEFINITIONS. 

The  Sine  of  an  arc,  or  of  the  angle  at  the  centre  measured  by  that  arc,  is 
the  straight  line  drawn  from  one  extremity  of  the  arc  perpendicular  to  the 
diameter,  passing  through  the  other  extremity. 

The  Sim  of  the  arc  A  B  is  the  line  B  P. 

The  Cosine  of  an  arc  is  the  perpendicular  let  fall  from  the  end  of  the  aro 
on  the  diameter  passing  through  the  end  of  the  first  quadrant. 

The  CbfMMofthearo  ABisthelineBa=:GP. 

The  Tangent  of  an  arc,  or  the  angle  which  it  measures,  is  a  straight  line 
touching  the  circle  at  the  beginning  of  the  arc,  and  terminated  by  the  radius 
produced. 

The  TitnffiiU  of  an  aro  A  B  is  the  line  A  T. 

The  Cotangent  of  an  arc  is  the  right  line  touching  the  circle  at  the  end  of 
the  first  quadrant,  and  terminated  by  the  radius  produced  drawn  through  the 
end  of  the  arc. 

The  Cotangent  of  the  aro  A  B  is  the  line  D  S. 

The  Secant  of  an  arc  is  the  straight  line  drawn  from  the  centre  of  the 
circle  to  the  remote  extremity  of  the  tangent. 

The  iSbsMK  of  the  sio  ▲  Bii  the  Ubs  C  Gk 
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The  GoMoaat  of  an  arc  is  the  right  line  drawn  from  the  centre  of  the  circle 
through  the  end  of  the  arc,  and  terminated  by  the  cotangent. 
The  CktieaiU  of  the  arc  AB  U  the  line  OS. 

The  Versed  Sine  of  an  are  is  the  right  line  which  is  intercepted  between 
the  beginning  of  the  arc  and  the  foot  of  the  sine. 
The  Ffrtid  Sint  of  the  arc  A  B  is  the  line  A  P. 

The  Coyersed  Sine  of  an  arc  is  the  right  line  which  is  intersected  between 
the  end  of  the  quadrant  and  the  foot  of  the  cosine. 
The  C99tr9$i  Sim  of  the  arc  ABU  the  line  D  Q. 

It  is  eyident  from  the  figure  that  B  Q  will  be  the  sine  of  the  arc  B  D ;  OQ 
its  cosine;  BS  its  tangent;  AT  its  cotangent. 

Since  DB  and  B  A  are  complements  of  each  other,  and  since  B  A  is  equal 
to  QC  and  B Q  to  PO,  we  haye, 

BP  which  is  the  sine  B  A  =  QC  which  is  the  cosine  of  BD. 

0  P  which  is  the  cosine  of  B  A  =  Q  B  which  is  the  sine  of  B  D. 

T  A  which  is  the  tangent  of  B  A  is  the  cotangent  of  B  D. 

D  8  whiob  is  the  cotangent  of  B  A  is  the  tangent  of  B  D. 

Hence  the  folbwing— 

The  sine  of  an  angle  is  equal  to  the  cosine  of  its  complement;  the  cosim^ 
to  the  sine  of  its  complement ;  the  tangent  to  the  cotangent  of  its  complement. 

It  is  manifest  from  the  figure,  that  if  the  point  B  descends  to  A,  the  ate 
B  A  is  o,  and  then, 

The  sine  BPso 

„  cosine  OP  =  radius. 

„  tangent  TA  =  o 

„  cotangent  D  8  is  infinite. 

„  secant  CB  =  radius. 

„  cosecant  0  8  is  infinite. 

„  versed  sine  FA  =  o 

„  sunrersed  sine  A'  P  =  twice  the  radius. 

48.  Also,  if  the  point  B  be  in  the  centre  of  D  A,  then  B  A  s  45%  and  it 
is  easily  seen  that 

The  sine        =  the  cosine. 
„    tangent  =   „   cotangent. 
„    secant    =   „   cosecant. 

49.  Again,  if  the  point  B  travel  to  F,  then  the  arc  B  A  becomes  90^, 
and  its 

Sine  =  radius. 

Oosine  =  o 

Tangent  is  infinite. 

Cotangent  =  o 

Secant  is  infinite. 

CkMScant  s  radius.  \ 

9 
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DEFINITIONS  OF  THE  TBIGONOMETBICAL  SATIOS. 

50.  We  have  hitherto  spoken  of  the  sine,  cosine,  ftc,  of  an  angle  as  linn  • 
but  such  is  only  correct  when  the  length  of  a  radios  of  a  oirele  is  known  or 
understood.  In  practice  thejr  are  regavded  not  as  linesi  but  as  quantities; 
they  are,  in  fact,  fractions. 

In  a  triangle,  ABO,  let  the  angle 0 AB be  denoted  Fig.  5. 

by  A,  then  the  irigmimdricdl  raiun  are  the  fractionfl 
that  can  be  formed  by  computation  of  the  meaaures 
of  the  three  sides  of  the  right-angled  triangle  GAB, 
taking  them  two  and  two  together.  It  is  evident  that 
only  six  such  fractiona  can  be  fbund  in  this  manneri 
namely: — 

;§«idit.ieoipro««l«>p.«i»«iS 


j-«  and  its  reciprocal  ejipAOsaiuu  «^ 

To  connect  these  fractions  with  one  of  the  an^  of  As  triangle,  as  A,  let 
us  call  the  side  A  C  opposite  the  right-angle  the  hypotkenuie,  the  aide  0  B 
opposite  the  anj^  in  question  the  perpendicular,  and  the  remaining  side  A  B 
adjacent  to  the  a&g^e  the  base ;  then  the  trigonometrical  ratios  of  an  angle 
are  named  as  ibOows :  the  perpendicular  divided  by  the  hypothenuse  is  called 
the  «ffM  of  the  angle;  the  hypothenuse  divided  by  the  baee  is  called  the 
eoseemU  of  the  angle;  the  perpendicular  divided  by  the  base  is  called  the 
ian00iU  of  the  angle;  the  base  divided  by  the  perpendicular  is  called  the 
ooUmtfini  of  the  angle;  the  hypothenuse  divided  by  the  base  is  called  the 
Meant  of  the  angle;  and  the  base  divided  by  the  hypothenuse  is  called  the 
eo9%n$  of  the  angle.  Another  term  used  in  Trigonometry  is  wrnne  of  an 
angle.  These  definitions  will  be  more  readily  learned  by  writing  them  down 
in  the  form  of  fractions,  thus :— 

%  a«»t  «•.  "Z^SaZ  i»  <*U*d  th*  «•«  of  the  aogle  A  (a), 
ff?.  that  i..  'J^^  i-  o»Ued  the  .omant  of  the  angle  A  (J). 
1^,  that  is,  "-^"^^  i»  odled  the  ftHv»>.«  of  the  angle  A  (<,). 
g^,  that  ie,  p,rimiiailm- "  <**^  *•*•  eetmtfmt  of  the  angle  A  {d). 
^,  that  is,  *«^?^^  ia  called  the  ttcant  of  the  angle  A  (•). 

^^.  t^t  "1  hypolhenH^  "  ^^^  ^^  ^^^  ^^^  ^^%^^  A  (/). 

When  the  cosinA  of  A  is  subtracted  from  unity  the  remainder  is  called  the 
twied  sins  of  A.  When  the  sine  of  A  is  subtracted  from  unity  the  remainder 
is  called  the  eov&ned  i%n$  of  A- 
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51.  For  Bhortness'  sake  we  usually  denote  an  angle  by  some  single  letter, 
as fixr  instance  A;  and  we  write  the  names  of  the  functions  aboTe  defined, 
▼iz.,  the  9%m^  coiine,  tangent^  eotanfmt^  ucant^  coucaiUf  pstud  iim,  and  eo90rs^ 
mnSf  thus :  sin.  A,  cos.  A,  tang.  A,  cot.  A,  sec.  A,  eosee.  A,  yers.  A,  007«rs«  A ; 
thus  the  above  definitions  may  be  expressed  as  fidlows :— 

Sin.A  =  J^  Oas.A  =  ^, 

Tang.A  =  ||  Got.  A  =  J? 

8«c-  A.  =  ^  Oosec.  A  =  5^ 

Yers.  A  =  I  —  cos.  A.  Covers.  A  =  i  —  sin.  A. 

58.  The  iime,  eoitnef  tangsnty  eoUmg$nif  Meantf  eo»0eafU^  verted  tine,  and 
MMTMif  ime  of  an  angle  are  called  the  DrigoMmelrieal  Itaiioi  of  the  angle. 
It  will  be  seen  from  the  definitions  that  the  term  ratio  is  appropriate,  because 
each  of  the  quantites  defined  is  the  raito  of  one  length  to  another;  that  is, 
each  of  the  quantities  is  some  arithmetical  number  or  fraction.  The  IHgo^ 
womeirical  Ratioi  have  been  sometimes  called  IHg<mametrical  Fimctumt^^  and 
sometimes  OmumeUrical  Ratioi  or  Fttneivnu. 

63.  Since  the  sum  of  the  two  acute  angles  of  a  right  triangle  is  one  right- 
angle,  or  90^,  they  are^  by  Art.  44,  complements  of  each  other.  This  afiPords 
another  method  of  defining  some  of  the  Trigonometrical  Batios;  after 
defining,  as  in  Art.  50,  the  «in^,  tangent^  and  eecawt  of  an  angle,  we  may  say : 

The  cosine  of  an  angle  is  the  sine  of  the  complement  of  that  angle ; 

The  cotangent  of  an  angle  19  the  tangent  of  the  complement  of  that  angle ; 

The  cosecant  of  an  angle  is  the  secant  of  the  complement  of  that  angle. 

For  in  the  triangle  C  A  B,  the  angle  A  0  B  is  the  complement  of  the  angle 
A;  and 

Sine  of  ACB  =  ^^^~  =  ^  =  cos.  A. 
Tang.   ACB  =  ^?=2^^^  =  J-J  =  cot.A. 

Sec.      ACB  =  — 51^; —  =  g-Q  =  cosec.  A. 

These  results  may  also  be  expressed  thus  :  — 

The  sine  of  an  angle  is  the  cosine  of  the  complement  of  that  angle ; 

The  tangent  of  an  angle  is  the  cotangent  of  the  complement  of  tiiat  angle ; 

The  secant  of  an  angle  is  the  cosecant  of  the  complement  of  that  angle. 

•  By  the  Trigonomstrical  ftmctiom  of  the  angle  ii  meant  qaantitiet  which  depend 
vpon  taat  aagld  te  their  yalae,  and  (oonversely)  which  being  given  detennine  the  value 
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54.  7%^  Trigimwmtrxeal  Saiio9  remain  unchanged  to  hng  a$  thi  angh  remstm 
unchanged. 

As  eyery  obliqae  triaogle  may  be  reeolved  into 
ttro  right-angles  bj  dropping  a  perpendicular 
from  one  of  the  angles  npon  the  opposite  side, 
the  solution  of  all  triangles  is  readily  made  to 
depend  upon  that  of  right-angles.  Let  us, 
therefore,  consider  a  series  of  right  triangles, 
ACB,  AC  B',  ACB",  &c.,  Pig.  6,  which  have 
a  common  angle  A.  The  angles  at  C,  (7,  C, 
being  also  equal,  the  triangles  are  similar ;  and  by  geometry— 

CB    :    ACrrCB'    :    ACrsCB"    :    AC\ 

Or  by  the  definition  of  ratios  and  proportion— 

OB         CB'        C^B^ 
O  —  Aff  =   AC 

In  like  manner  it  follows  that — 

CB        CB*        C-B^ 
AB  =  a¥'  =  TS^ 

-AC         AC         AC 
"*  AB  =  AB^  =  AlT' 

Hence  it  appears  that  the  raiioi  of  the  n'dcs  to  each  other  are  the  $ame  in  all 
right  triangUi  having  Ihe  $ame  acufe  angle;  and,  therefore,  if  these  ratios  are 
known  in  any  one  of  these  triangles,  th^^y  will  be  known  in  all  of  them. 

These  ratios,  then  depending  on  the  value  of  the  angle  alone,  without 
regard  to  the  absolute  lengths  of  the  sides,  may  be  considered  as  indices  of 
the  angle,  and  have  received  special  names,  as  above. 

66.  With  respect  to  the  use  and  importance  of  the  trigonometiical  ratios 
we  may  here  briefly  remark,  that  since  we  are  not  able  to  compare  together 
the  angles  and  sides  of  a  triangle  (for  we  cannot  say  that  an  angle  is  three 
or  more  times  greater  than  a  side,  since  these  qnartities  have  different  units 
of  measurement)  it  has  beeq  found  convenient  to  take  certain  lines  or  fractions 

BO 
such  as  j^  ftc,  and  compute  their  numerical  value  for  difiPercnt  angles,  and 

record  these  values  in  tables.  Now  these  fractions  will  evidently  depend  for 
their  value  on  the  magnitude  of  the  angles  themselves ;  and,  if  we  know  the 
fraction,  we  shall  know  by^  means  of  the  tables  the  angle  corresponding  to  it. 
Moreover,  we  can  compare  the  side  of  a  triangle  with  this  fraction,  since  both 
quantities  are  expressed  in  the  same  kind  of  measure,  namely,  linear  measure; 
and  then,  by  reference  to  the  table,  discover  the  relation  of  the  side  to  the 
angle  itself. 
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TRIGONOMETRIOAL  TABLES. 


6ft  There  are  two  kinds  of  trigonometrioal  tables ;  the  first,  called  the 
TuhU  of  Natural  Sin§9j  Cotinet^  ^0.,  contains  the  numerical  values  of  the  sines, 
cosines,  tangents,  &o.,  that  is,  of  the  trigonometrical  ratios  for  each  given 
yaloe  of  the  angle ;  the  second,  called  the  TahU  of  Logariihmio  Sinet^  ^e,p 
contains  the  logarithms  of  the  numbers  in  the  first  Table.* 


TABLE  OF  NATUEAL  SINES,  &o, 

57.  The  trigonometrical  functions  or  ratios  are  numbers  which  are 
capable  of  being  calculated  from  geometrical  principles,  and  accordingly 
certain  series  have  been  investigated,  and  certain  algebraic  expedients  devised 
for  the  general  purpose  of  determining  the  trigonometrical  ratios.  With  such 
aid  the  sines,  cosines,  ftc,  of  all  angles  from  o®  to  90**  (t .«.,  for  all  values  of  A, 
from  A  =  o  up  to  A  =  90)  have  been  computed  to  several  places  of  decimals 
and  arranged  in  tables  called  TahUi  of  Natural  Sines,  Coiines,  Spe>  In  some 
tables  the  angles  succeed  each  other  at  intervals  of  1",  in  others  at  intervals 
of  10';  but  in  ordinary  tables  (as  Table  XXVI,  NoaiE)  at  intervals  of  i\  and 
to  the  last  mentioned  we  shall  refer. 

53.  The  statement  of  the  method  by  which  such  tables  are  constructed 
is  unsuitable  to  the  pages  of  the  present  work.  The  mpde  of  using  them  io 
computation  we  shall  now  proceed  to  explain. 

69.  The  arrangement  of  this  table  will  be  understood  from  a  simple 
inspection.  It  contains  the  sines,  cosines,  ftc,  of  angles  between  zero  and  90^, 
generally  for  every  minute,  and  the  fluctuations  of  angles  containing  a  number 
of  degrees,  minutes,  and  seconds,  have  to  be  found  by  interpolation  similar 
in  their  nature  to  those  that  are  required  to  be  used  in  tables  of  logarithms 
of  numbers.  This  interpolation  is  based  upon  the  supposition  that  the  differ- 
ences of  the  sines,  &c.,  are  proportional  to  the  differences  of  the  angles,  and 
this  proportion,  though  theoretically  inexact,  gives,  in  general,  a  sufficient 
approximation,  provided  the  difference  of  the  angles  of  the  table  are  suffi- 
ciently smalL 

ea  Beferring  to  the  Tables  (Table  XXYI,  Norib)  it  will  be  seen  that  the 
degrees  are  give^  at  the  top  of  the  column,  and  the  minutes  down  the  left 
hand  side  of  the  page  for  the  sines. 

And,  for  the  cosines,  the  degrees  are  given  at  the  httom  of  the  page^  and 
the  minutes  up  the  right  hand  side  of  the  page. 

The  difference  of  the  trigonometrical  ratios  for  100*  are  given  at  the  foot 
of  each  column. 

•  The  118'isl  trigonometrical  tables  are  giyen  in  coDJanotioii  with  tables  of  logarithms, 
and  they  more  frequently  give  bgiriihms  only  than  sines,  cosines,  &c.,  themseWes.  When 
logarithms  were  inrented  they  were  called  artiji.idl  nambors,  and  the  originals  for  which 
logarithms  ware  computed,  were  ace  )rdiogIy  called  natural  numbers.  Thus,  in  speaking  of 
a  tabla  otmnta,  to  express  that  it  is  not  the  logarithms  of  the  sines  which  are  given,  but 
sines  thenaslvca,  th  *i  table  would  be  called  a  table  of  natural  sinei^  and  the  lofarithms  of 
fheiis  weald  ba  csUed  not  loforUhwu  ^einei  but  Ui^iihaUe  fisst,  fe. 
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61.  In  using  these  Tables,  we  have  either  to  find  the  eine,  oosinei  &o.|  of 
an  angle  whose  value  is  g^yen  in  degrees  (^),  minutes  ('),  and  seconds  (") ;  or 
to  find  the  corresponding  angle  in  degrees,  minutes,  and  seconds. 

62.  If  the  Talue  of  the  angle  be  given  in  degrees  and  minutes  only,  the 
sine,  cosine,  fto.,  is  found  directlj  firom  the  Tables,  in  which  an  registered 
the  values  of  tiie  trigonometrical  ratios. 

All  the  numbers  contained  in  such  Tables  as  Nonns's  Table  ZXTI  must 
be  understood  as  decimals. 

'.Thai,  nat  line  7®  7'  =  '123^90 
„  sine  59  40  =:  *S63ioi 
„  oosine  15  30  =  '963630 
„    oosine  71  11    =    '322266 

68.  As  the  sines,  cosines,  &e.,  pass  through  all  their  possible  nwrnriettl 
values  while  the  angle  varies  from  o*'  to  90^,  the  tables  are  not  extended 
beyond  90^ ;  such  computations  would  be  superfiuous,  for  the  sine  or  cosine 
of  an  angle  between  one  and  two  right  angles,  vu.,  of  an  angle  greater  than 
90^  is  the  same  in  numerical  value  as  the  sine,  cosine,  &e.,  of  an  angle  as 
much  below  90^  and  is  known  from  the  recorded  sine  or  eoune  of  its 
supplement.    (Art.  4$,  page  40.] 

Whence  also 

Nat.  line  156^42'  =  lint  23°  18'  rs  '395546 
„  cosine  108  48  =:ooiine  71  12  =  '322266 
I,  line  140  16  =tine  39  44  =  '639215 
„    coiine  140  16  =  oodine  39  44  =  '769028 

64    Or,  we  may  (Art.  44,  page  39)  deduct  90^  from  the  given  angle,  and 
take  ftom  the  table  the  eampUm&ntal  functions  of  the  remainder;  thus, 
sine  146*16'  =  cos.  56*16'  =  &c. 
cos.  140  16  =  line  50  16  ssfto. 

which  is  the  better  practical  method,  as  the  subtraction  of  90^  may  be  per- 
formed  mentally. 

65.  If  the  angle  contains  seconds,  we  must  proceed  by  the  method  of 
proportional parUf  as  in  the  following  examples: — 

RULE  XVI. 

1^  Find  from  the  Table  the  nat.  eine^  eoeine^  ^e.^  which  WMmepcndi  to  the 
de^eee  and  minatee.    (Nobis,  Table  XXYI.) 

2*.    Muitiplf  the  differmue  by  the  seconder  and  divide  iy  100. 

NoTS.— To  divide  by  loo  we  have  merely  to  cut  of  the  ttee  rl^t-hand  flgues. 

f.  If  the  required  quantity  be  a  not.  einOf  tangent^  or  eeemtf  add  the  reeuU  to 
the  last  fyuret  obtained  in  1^;  if  it  be  a  eoeine,  cotangent,  or  eoeeeantf  eubtraei. 
The  result  will  be  the  required  sine,  cosine,  ftc. 

NoTB  I.— The  reason  of  thie  rule  ia  founded  on  the  principle  that  for  a  small  interval, 
inch  as  one  rainnte^  the  increase  of  the  sine  is  proportional  to  the  increase  of  the  angle. 

Note  s.— It  is  necessary  to  bear  in  mind  that  the  sine,  tanfl^ent,  and  leoant  (nnder  90") 
for  which  the  tables  are  construoted  increase  as  the  are  increases,  whilst  the  oosine,  oo» 
tangent,  and  cosecant  decreate  as  the  are  in^reaeee.  This  will  require  the  oorreotioos 
eonneoted  with  a  me,  a  tangent,  or  a  seeant  to  be  added,  and  those  oonneoted  with  a  cosine, 
a  cotangent,  or  a  oossesat  to  be  subtracted  whether  arcs  or  their  functions  be  loi^ht  Item 
ihe  tMes. 
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El.  I.    Hod  the  nai.  tine  of  12®  44'  27'.  To  obtain  tka  parta  for  tk't  nerond 

Kat.  aioa  11*  44'  s=  '110414  we  inaUiplj  the  tabaUr  difleren  «t  by  he 

471  X  27  number  of  aeconda  and  d.nde  by  100, 

Tab.diff.— ^ =  +118  thiu:— 

100  Tab.  diff.  473 

'  No.  of  aooondi  X  *7 

■120541  — 

Am. :  Nat  dne  11*  44'  17'  =  '11054a  3^11 

946 

»a7,7» 
128  nearly* 

Xx.s.    Findtbenaft.  Qoaineof  3i^38'4i'.  Tab.  diff.  253 

Nat.  coiine  31*  28'  =r  -852944  Beoonds  X  42 

*53  X  4» 

Tab.dtf. =  ~    106 

100 

•852^18 
Ami, :  Nat.  oodne  31*  18*  41''  =  -852838 

ETAliPTJg  FOB   PBAOnOl. 

To  find  the  nat.  sine  of 

1.    34*4«'«5'  ».    6oP7'i8*  3.    ii*44'n'  4.    «6o  3*  17' 

To  find  the  nat.  coeine  of 

I.    80P  la'  ai*  a.    5^  11'  lo*  $.    46*  31'  41-'  4.    *»  19'  17* 

66.  If  the  yalne  of  the  sine,  oesiney  fte.,  be  given,  and  it  is  required  to 
find  the  angle,  we  use  the  following  rule : 

BULE  xvn. 

i\  Find  in  (K$  TdUe$  the  n$xi  lower  nat  iin$^  nai,  eeiinCf  ^c,  and  note  the 
earrupanding  iegreee  and  minuUi, 

^\  Suhiraet  thiifrom  the  given  iiim,  eoeine,  Spe.^  multiply inj  the  difference  hy 
100;  divide  hy  the  taMar  difference,  and  consider  the  retuU  ae  seconds. 

3*.  If  the  given  value  he  that  of  a  stnCf  tangent,  or  secant,  add  these  seconds  to 
the  degreee  and  minutes  foumd  in  i^;  if  it  he  that  of  a  cosine,  cotangent^  ^c, 
euHraet.    The  result  will  be  the  required  angle. 

Hon.— In  takuur  oat  the  aogle  for  a  natural  cosine  we  may  take  out  the  nssi  grsatir 
mtmrml  oiftW,  and  snbtract  the  gfiyen  natural  cosiae  from  it ;  and  having  found  the  seconde 
('),  as  aboTe,  they  are  tuUitivi.  The  trigonometrical  ratio  corresponding  to  the  nesi  l$it 
mi$U  being  written  down  in  efiry  oase,  ooninsion  wiU  be  avoided,  as  the  additional  aeoonds 
wiU  always  be  oddieim. 

ExAKPLXS. 

Xs.  t.    GiT«i  the  natvral  sine  =  -731156 :  iind  the  angle. 

OtTen  nat  sine  732156 

fiine  47*  4'    s:  7  31 1 4  7  next  bwer  in  Table  ZXVI»  Koan. 

TM>.  diif.  =s  317   327)1,00(3'  nearly  (additional  seoonds  for  nat.  sine.) 
981  -4iM. ;  47*  4' 3*. 

nelog,  732156  is  sought  for  in  Table  XXVI,  Noam,  bat  as  it  cannot  be  fonnd  exactly^ 
the  neat  lesa  ia  tnken  wiich  oorrf-aponds  to  47*  4*  The  difletenee  ol  the  logs,  is  then  foand, 
km  ayflisfa  added  (which  is  equivalent  to  mul  1  plying  by  100),  and  the  prodnct  diyided  j 
fhs  ubular  ditoenoe ;  the  gaottsat  is  Uw  fMldjtiana]  sesoadSf 
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Ez.  s.    Giyen  the  natand  oosine  853267 :  find  the  angle. 
Oiven  nat.  cosine    S53267 
Oonne    zi'*  26'  =.  853248  next  lower  in  Table  XXYI,  Noun. 

3l»2^    o* 

Tab.  diff.  =r  253     353)1900(7'  (to  be  •wbtroeM^.               -*         7 
1771  

.  ,     .       51  «5  53 

129  Am.:  3i»a5'5j'. 

Ex.  3.    Find  the  angle  whose  natural  ooeine  if  728713. 

Proceediog  according  to  Note,  page  47. 

Here  nat.  cosine  of  reqaired  angle  =3  *7>87i| 

Nat.  cosine  of  next  less  angle,  or  43*  13'  ^  728769 


Tab.  diff.  =3  334 


•  * .  angle  required  =:  43*  1 3'  17'. 

EXAliPLSB  FOB  PRAOnOI. 

Oiven  the  nat.  iines,  to  find  the  angle. 

I.     '898002  2.    '8  3.     '444  4«    '20389  5. 

Given  the  nat.  cosine,  to  find  the  angle. 
I.    -448807  2.    -948397  3-    •5'484«  4-    •97482a 


334)5<oo(i7 
334 

•n^.to*. 

2260 
2338 

M*  or  -529221    6. 

•9« 

5.  999000    6. 

•6 

TABLES  OF  LOGARITHMS  OF  TRIGONOMETRICAL 

RATIOS. 


67.  Tlie  Trigonometrical  Batios  being  numbera,  haye  logarithms  that 
correspond  to  them*  In  practice  the  logarithmic  are  generally  far  more 
useful  than  the  natural  sines,  &c.,  though  the  latter  are  often  necessaxy,  or 
in  some  simple  kinds  of  calculation,  preferable. 

68.  As  the  sines  and  cosines  of  all  angles,  and  the  tangents  of  angles  less 
than  45®,  are  less  than  radius  or  unity,  being  proper  fractions,  the  logarithms 
of  the  value  of  these  quantities,  properly,  have  negative  characteristics.  In 
order  to  avoid  the  inconvenience  of  printing  negative  logarithms,  and  for 
other  reasons,  10  u  added  to  the  characteristic  before  it  is  registered  in  the 
table  of  logarithmic  sines,  &c.,  so  that  we  find  the  characteristic  9  instead  of 
7,  8  instead  of  2,  &c. 

Thoe,  on  referring  to  the  Table  of  Natural  Sines  (Table  XXVI,  Nobib),  we  find  natural 
line  of  16^  =:  '275637.  If  we  calculate  the  logarithm  of  '275637,  we  find  its  Talae  if 
1*440338 ;  if  to  this  10  is  added  we  find  that 

Log.  line  16^  =  9'440338. 

To  preserve  uniformity,  the  characteristics  of  the  logarithms  of  all  the  other 
ratios,  namely,  of  the  log.  tangents,  cotangents,  secants,  and  cosecants  are 
increased  by  10.  In  trigonometrical  operations  this  is  convenient,  but 
principally  because  the  extraction  of  roots  very  seldom  occurs. 

It  may  be  observed  here  that  the  uniform  addition  of  10  to  the  charac- 
teristic gives  the  logarithm  of  loooo  million  times  the  natural  number. 

Thus,  9'5993S7  >s  the  log.  of  3979486000,  and  this  latter  number  is  the  nataial  iiae  est* 
responding  to  a  radios  of  loooo  miUi9n$f  instead  of  a  radius  of  nnitf . 
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68L  Vf«ilait«iig«ii«tif  TiUfMtf  Logfictti^ 
Tkm  tabla  «f  logHnflnue  nuBy  oosiiiM,  tangenilt,  <)otoiigtete|  seoaata,  and 
oowiMito,  maMo.  til  mm  &•»  levo  <o^)  thxoo^  all  magBhudea  up  to  90^1 
41m  kg.  oftafiuByMJintatatea,  bailor  10.  At  the  top  (rf  die  pa^e  k  pUuoad 
tha  Baaaber^f  liagrotn,  aad  im  flia  iai^haad  eol<am  aaA  aaamte  of  tha  deggati 
afpoMlataiiliiiiiaPBMrtagadilMBnnaiaaalvaikwa^  ttia  kg.  aine,  ooaini^ 
ftc,  of  the  ooneaponding  angfle  Sa  tiiaaa  f^alaTana,  lit  tke  Icyi  of  wluoh  tiiaaa 
tarma  are  placed.  The  headings  of  the  oolonms  ran  along  the  iop,  thna,  aa 
tax  as  44.^  ^e  degreea  from  4;''  to  po""  are  placed  at  thb  bottom  of  fiie  page, 
and  &e  minntea  of  the  degree  arranged  in  a  right-hand  column,  ao  ttiat  th# 
anglaa  read  off  on  (he  right-hand  side  are  complemontal  to  fliose  read  offal 
the  points  ezatiUy  opposite  on  the  left-hand  side,  tfre  ralnes  of  ttte  iines^ 
coaineai  tangents,  &o.,  being  found  in  the  cdumns  at  fiie  Mkm  of  whidh 
SM  fcud.  XUa  amuitetteBt  k  rendered  praotieaUe  by  the 
of  every  angle  betveaii  45°  and  ^"^  b^ng  the  oompUmant  of 
another  betwaen  4$^  and  o%  «reijrame  of  an  angle  less  than  45^  k  the  ooaiiia 
of  another  greater  than  45^  every  tangent  k  a  cotangent,  &c. ;  the  sineay 
tangenta,  &c.,  of  anglea  being  reapecttv^y  eq%ud  to  the  ooainea,  cotangentSy 
te^  of  the  eamplaaaBla  of  the  aame  anfle.    (Art  44.} 

The  fbUowing  ahowa  the  naual  arrangement  ef  snch  tablea : — 


M 

8k. 

B. 

c-^. 

Tan. 

D. 

CM. 

See. 

D. 

Ooa. 

M 

U 

Ooa. 

D. 

See. 

Got. 

D. 

Tu. 

GpOSSO. 

D. 

*. 

K 

Baaidea  fte  eolmnna  headed  ''aina,  tangmt,"  *a.,  aia  i 
headed  "D."  or  "Diff."  They  contain,  in  moat  tablea,  the 
between  the  values  of  the  consecutive  logarithms  in  the  contiguous  <^lwt«nf  on 
either  side,  but  corresponding  to  a  change  of  100^  in  the  are  (not  the  diflbaaaea 
eorresponding  to  60^  of  art  or  angle) ;  and  it  must  be  kept  in  mind  that 
the  same  difibrence  is  common  to  the  sine  and  cosecant,  to  the  taagaai  aad 
cotangent,  and  to  the  secant  and  cosine.  They  are  inserted  ibr  the  ean- 
venience  of  finding  the  values  of  the  sines  and  oosinesi  te.,  of  anglea  which 
are  axpreased  in  dagreea,  minutes,  and  seconds. 

70i  The  above,  as  just  stated,  k  the  usual  arrangement  of  most  tablesi 
but  in  the  earlier  editions  of  Norib  and  some  other  works  the  arrangement  fa 
aomewhat  different. 


The  columns  are  arranged  thus : — 

M 

Bias. 

IXS. 

Ooake. 

Dii: 

Tuigent 

Biff. 

Ootangenl 

Seeaat 

Oosecaai 

U 

M 

Oodae. 

Diir. 

Sine. 

Diff. 

Ootangent 

Diff. 

Tangent. 

Ooaaotnt. 

Secant 

M 

Since  the  same  difference  k  common  to  the  aine  and  ooaeoant,  to  the  tangent 
and  cotangent,  in  thk  arrangement,  then,  it  muat  be  particularly  borne  in 
Bundy  that  the  first ''  Biff."  colunm  (from  flie  left)  belongs  to  the  first  colmnn 
9 
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of  logarithmB  on  the  left  hand  of  the  page,  and  is  also  the  *'  DifP."  for  the 
first  column  on  the  right  of  the  page;  that  the  seoond  column  of  "DifiEL'' 
(from  the  left)  belongs  to  the  seoond  column  of  logarithms  from  either  the  right 
or  left  of  the  page;  and  that  the  third  column  of  "Diff."  belongs  to  the 
third  column  from  either  the  right  or  the  left,  which  may  be  otherwise 
expressed,  thus :— A  cosecant  takes  a  slue  <<  difiEl" ;  a  secant  takes  a  cosine 
<'  diff." ;  and  cotangent  takes  a  tangent  <<  diff." 

71.  In  the  use  of  these  Tables,  as  in  that  of  the  natural  sines,  two 
questions  present  themselyes : — ^First,  having  giyen  the  angle  in  degrees, 
minutes,  and  secends,  required  the  log.  sine,  log.  cosine,  ftc.  Second,  having 
given  the  log.  sine,  log.  cosine,  &o.,  required  the  value  of  the  angle  in 
degrees,  minutes,  and  seconds. 

72.  When  an  angle  is  presented  in  degrees  and  minutes  only,  the  tabular 
logarithm  of  its  sine^  tangent,  ftc.,  will  be  found  (Table  XXV,  Noun,  or 
TftUe  68,  Bafbb)  simply  by  inspection,  according  to  the  following  :— 

EXJUB  xvm. 

i"*.  If  the  angle  or  are  is  less  than  45"*.  FinA  the  page  havii^  ike  gwn 
i$gree9  at  the  top,  amd  in  the  left  hand  marginal  eohmn  Jind  the  minutes,  tten 
opposite  the  mnmtee^  and  in  the  oolwmn  which  it  marked  at  the  top  with  the  name 
of  the  ratio,  will  lefemA  the  logarithm  eought. 

2^  If  the  angle  be  greater  than  45^  Look  for  the  page  haoing  the  given 
degrees  ttt  ihe  bottom,  amdfind  the  minutes  in  the  right-hand  eolumn;  the  logarithm 
of  the  propooed  fimetion  of  the  angle  will  he  found  opposite  the  minutes  in  the 
eolumn  marked  at  the  foot  with  the  name  of  the  ratio  whoee  logarithm  ie  sought. 

EZAICPLBS. 

Sz.  I.    Find  the  kg.  nne  of  37<»  47'. 

As  the  arc  if  tet  thsa  45*,  by  looking  at  the  top  of  the  table  for  the  degrees  (37^'},  and  in 
Vtiojlnt  oolnmn  on  the  1^  lor  the  minutes  (47')!  we  find  in  the  colnmn  haWng  at  its  top  the 
word  sine,  the  figures  9*787232,  whkh  is  the  log.  sine  of  the  aro  required, 

Ex.  3.    Find  the  log.  tang,  of  75*  34'. 

Here,  as  the  arc  is  ffrmt&r  than  45*,  looking  at  the  hoUom  of  the  table  for  the  degrees  (75*), 
fttid  in  the  latt  or  right-hand  column  for  the  minutes  (34')»  we  find  in  the  column  having 
tang,  at  the  hoit<m  10*589431,  which  is  the  log.  tangent  of  75*  34'. 


Log.  sine  of  57°  5' is   9-924001 

Log.  cosine  of  7951  »  9*246069 
Log.  tangent  of  21  50  „  9*602761 
Log.  cotangent  of  27  45  „  10-278911 
Log.  secant  of  44  59  „  10*150389 
Log.  cosecant  of      69  54  „  10*027291 


Log.  sine  of  40^  4' is   9*808669 

log.  cosine  of  si  38  „   9*968278 

Log.  tangent  of  84  13  ,,10*994466 

Log.  cotangent  of  ss  58  .»    9'*»953» 

Log.  secant  of  70  20  „  10*472954 

Log.  cosecant  of  8  35  „  10*826092 

FiTAKPLTM  FOB   FeAOTIOE. 

Take  out  the  log^thms  of  the  following  trigonometrical  ratios. 
I.    Log.  sine        9*10'  5.    Log.  cotang.    8^25'  9.    Log.  sec.        60°  34' 

a.    Log.  cosec    40  40  6.    Log.  sec.        43    »  lo-    Log-  cotang.  79  19 

3,    Log.  cosine    1248  7.    Log.  cos.       5328  ii,    I^g.  cosec.    4545 

'4.    Log.  tang.     37  a(|  «T    L05.  Bitt^       5'  49  »•    X^g.  tang.     53  56 
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73L  if  &e  yahie  of  the  angle  be  given  in  degrees,  minutes,  and  seconds, 
we  proceed  by 

ETJLE  XTX, 

i^  Find  from  tho  tMs  the  mIm,  tangmU^  uoami^  mmim,  j*^.,  which  eorrespondt 
U  th$  dsgrteo  tmd  mmuUi;  also  iako  out  ih$  nmmber  in  the  eontigwm»  eoUmn 
keniid  ''  Diff.''  on  ihs  mmo  line  (see  Nos.  69  and  70,  page  49). 

2^  JfuUipfy  the  UMar  iiffsroneo  ('<  DifT."}  iy  ih$  oocondo,  r^oi  the  Iwt  two 
fignree  (always  two)  of  the  product  for  the  division  hjf  100,  tmd  the  remaining 
fyuree  wMfwrmeh  the  proper  correction  for  seconds. 

Nora  X.— If  the  tiIim  of  the  two  figwes  cut  off  is  not  lesB  thsa  ilftj,  one  mut  bo  added 
to  tlio  flzft  light-hand  figan  left. 

3^  j[t  the  required  quantity  he  a  sine^  tangent^  or  secant^  add  the  result  to  the 
hut  figures  ohtained  in  i^;  if  it  he  a  cosine^  coUmgcnt^  or  cosecant^  sabtract^ 

The  result  will  be  the  required  sine,  tangent,  secant,  cosine,  &c. 

Kon  a.— The  prooeis  above  ie  sofficiently  aocnrate,  nnleas  for  the  sines  and  tangents  of 
-wmj  aaudl  angles,  and  for  the  tangents  and  seoants  of  angles  rery  near  96^.  When  an  angle 
of  degrees,  minutes,  and  seoonds,  and  of  less  magoitade  than  3*,  ooonrs  in  oalonlation,  neither 
the  logarithmio  sine  nor  the  logarithmto  tangent  will  be  foand  rery  acoarately  from  the 
ordinary  Tables.  In  some  books,  as  Hutton'b  '*  Mathematioal  Tables,"  a  speotal  Table  is 
giTen,  oontaining  the  logarithmio  sines  and  tangents  to  STory  seoond  in  the  first  two 
degrees  of  the  quadrant.  By  that  Tkble  we  should  find  the  oorreot  log.  tang,  of  i*  25'  45* 
to  be  3*3970503,  whersas  by  using  the  tab.  diff.  for  i*  ^^  and  i^  a6'  in  the  ordinary  Table^ 
we  should  get  the  less  aoourate  result,  2*3970448,  because  for  suoh  small  angles,  the  sncoes- 
■iTB  tabular  diiiersnoes  for  one  minute  shows  too  rapidly  a  wide  departure  from  equality. 
When  an  angle  of  degrees,  minutes,  and  seconds,  and  within  less  than  3*  of  90^  ooours  in 
oaleulation,  we  cannot,  for  the  reason  just  stated,  obtain  Tory  aoourately  from  the  ordinal  y 
Tables  either  the  logarithmio  or  the  natural  tangent.  Thus  the  true  log.  tang,  of  8S*  4'  15' 
is  1*6039497;  but  by  the  ordinary  Tables  we  would  get  for  the  last  three  figures  55  2.  Nonii 
gives  the  log.  sine  and  log.  tang,  to  every  tm  seconds  of  the  first  two  degrees  of  the  quadrant, 
and  Bipn  gives  the  log.  sines  to  every  seoond  up  to  x*  30',  and  to  every  ten  seoonds  up  to 
4*  30'. 

TiTAlfFT.W, 

Ex.  I.    Fiod  the  log.  sine  of  ^  36*  37'. , 

Here,  as  the  are  is  less  than  45^  by  looking  at  the  top  of  the  Table  for  the  degrees  {f)\ 
and  in  the  first  oolumn  on  the  left,  marked  M  at  the  top,  for  the  minutes  (36'),  we  fiod  in 
the  oolumn  having  at  its  top  the  word  sine  the  figures  9*060460^  vrtiich  is  the  log.  sine 
osResponding  to  6*  36^.  Now  this  log.  being  found  in  the  first  oolumn  on  the  left,  the 
tabular  difference  must  be  taken  out  of  the  first  "diff'."  column  from  the  left.  It  will  be 
Botioed  that  there  is  no  diffl  exactly  opposite  to  36',  but  between  36'  and  37'  will  be  found 
the  diff.  1 81 7,  which  multipled  by  the  seconds  (37'}  gives  49059,  and  rejecting  the  two  last 
figurss  from  this  product  (for  the  division  by  100)  gives  quotient  490^  which  being  Increased 

•  In  some  Tables  these  differenoes  are  those  due  to  i  minute,  or  60  seconds,  and  are  gel 
by  simply  subtracting  the  greater  of  the  logarithms  from  the  less.  The  difference  d  dae  to 
any  snudl  number  (a)  of  seconds  is  found  from  such  Tables  by  the  proportion  60  :  a  : :  D  : 

j^  so  that  d  ^  ^.  But,  as  before  observed,  the  differenoes  usually  given  in  the  Tables  are 
those  due  not  to  60  seconds  but  to  100  seoonds,  so  that  in  thete  lUbles  ^^  =  ^i  snd  thus 
i  is  found  somewhat  faoie  readily. 
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Qie  logarithm  lor  the  MooncU.    The  work  will  stand  thuB  :— 

Log.  due  6*  36' =  9*060460  Tab.diiF.    1817 

»7'a*^«i  +     49'-  X>7 

9*060951  12719 

3^34 

.     ^    ^  .  490.59  =  49? 

Jnt. :  Log.  Bine  6*  36^  17'  ^  9*060951. 

Bk*  a,    Ta4  thf^log.  ooeine  of  13*  5'  3a*'. 

TI10  log.  oQiine  of  1  j,^  s'  i*  9*9.^^57  ^  <Mid,  th^  tabaUr  diffeimoQ  comRF(K)4uift  to  tb*  leg. 
oonne  of  the  giren  degrees  and  minutes  U  50;  this  beings  multiplf^  1^  31.,  (j^.gijd^^ 
number  of  seoonda),  and  pointing  ofT  twojigwet  to  the  right,  is  16  to  be  iubtracUd,  beoause 
th^ oodus  i» a  4iftfq9ii^  log.;  th«r«fora— 

Log.  oodne  13*  5' =  9*988578  TWb.  dift    50 

32*  giTSS  —        16  X  3» 

9*988562  100 

'50 

16,00 

Am, :  Log  ooiine  13^  ^  3a'  =  9*988561 

or  16 
The  parts  Ibr  the  seeonds  are  inbtraoted  in  this  instance,  Miy  a  9oh^    (See  Bnlo 
XIX,  3*^). 
Ez,  3,    Find  th^  log.  tangent  7a*  59'  8^ 

The  log.  tangent  of  7a®  59'  is  10-514109,  and  the  tab.  diff.  corresponding  to  the  ^ven 
degrees  and  minutes  is  753 ;  this  being  midtiplted  by  8,  (the  number  of  second!*},  and  point- 
ing off  twojfgiires  to  thn  ri|^t  is  6q,  w)iiph  i&  additiyjo ;  Uius  j— 

Lt»,ts»g,7i»!59'o'=r  «o'5i4*P9  Tab.  diff.    753 

Parts  for  'l*z^+         60  I 

Log.  tang.  71*  59'  8'-=  10-514169  60,14 

E;[.  4.    Findthelog.  cotangent  .qf  73°  >  I' 7'* 

Tha.log.  cotangent  of  73®  a  i'  is  9'.475763,  and  the  tab.  diff,  corresponding^  to  the  cotangent, 
of  th^  given  degrees  and  miputes  is  767 ;  'this  bei^g  multiplied  \>j  7  (the  giren  number  of 
seoonds)|  and  pointin|p  off  two  fyttref  to  the  right  is  54,  whidi  ii  to  he.nt^raeUd  iiv  this 
instance,  beng  a  colog.' 

Log.  cotang.  73*  11'  o*  =  9*4757^3              (Tab.  diJE  767)  X  7  —  „  60 
Parts  for  r  =  - 54  1^ ^/|^ 

Log.  cotang.  73^  11'  7*  =  9475709 
The  parts  for  tha  s^vds  arjs  snbtractf^  i&  tbii  insti^M^  bnug^  a..  ostp$.    Oea^BiAe 
XIX,  3°). 
Es.  5.    Take  ont.log.  sine  i^  5' 34^ 

Here  the  angle  whose  log.  sine  is  sought  being  lev  than  1%  it  musl»  thereforei  be  taken 
out  of  the  special  part  of  the  Table  (see  Table  XXY,  page  107,  Nobis).  1h»  next'Iess- 
angle  to  be  fouod.in  the  Table  is  i*  5*  30*)  the  log.  sine  of  which  8>i7994i,  and  the  corres^ 
ponding  tabalar  **Diff."  (for  10'  in  this  part  of  the  Table)  is  1104,  which  multiplied  by  4, 
the  seconds  over  30,  gites  4416,  and  cutting  off  one  figure  from  the  right,  lor  the  divisieQ 
bj  10,  gives  the  correction  441,  to  be  added  to  the  logarithm  taken  out  of  the  Table ;  thus 
the.  wox;k  stands  a^  fp%wf  ;— 

Log^sine.  i^  5' 30"^=  8*179941  Tab^diff<    1104 

Parts  lor  4=4-441  4 

Log.  sine     i    5  34  =  8*180383  441,6 

or  441  nearlj. 
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.6.    aew^ll^,cp^0Mio£3f  7'xx'. 

Log.  ooseoant    f  i  0*=  11*264646  Tab.  diff.    3857 

FarUfor  21  =  —       810  21 


Lo(.  qoMoant    3    721=11*263836  3857 

77»4 

«09»97 

Ex.  7.  Tbk*  out  ihe  ooiine  of  88*  20'  46*.  (See  Table  XXV,  Norib,  page  io8>.  In  the 
ipeeial  part  of  the  Table,  at  the  bottom  part,  we  get  88**  20'  40^  (the  next  leas  angle),  ana 
the  ooaine  oppoaite  is  8-460761,  and  the  correepondlttg^  tabalar  **  Diff."  {fat  10*  in  this  pan. 
of  the  Table)  is  729,  n^eh^  mnltipliedi  I7  6>  the  ^eoofida.  oyer  40%  givea  4374,  and  entting 
off  one  figure  from  the  riykl^  te  the  division  by.  iO|  gi««a  the  ooaeotion.437  to  be  sabtraoted 
from  the  logarithm  tftln»o«l  of  the  Table;  thw  d^e  iwck  stands.  a^^foUows: — 

Log.  cosine   88*  20' 40"=  8-460761  ^b.  diA    729 

Flute  for  6-  =  —     437  6 

IiOi^^QOlhm    88  20  46  =  8*460324  437,4 

011437 

74  For  the  ftmetions  of  an  angle  between  90"*  and  1 80''  we  may  take  the 
game  ftinotionB  of  its  supplement ;  hence, 

To  find.  tb9.  logarithm  of  a  trigonpmetrioal  ratio  of  an  angle  greater  than 
96^1  we  have  the  following 

BTTLB  XX. 

BtiUraei  ilm  m§U^ffMik,  i^o""  mk  Mk  fir  ti4  pmmndm^t  tohieh  ii  ctttM  iii 

ETAVPT.HW. 

Is.  I.    Find  the  log.  sine  of  x  io<»  14'.    BuMnwt  ii^from  180^. 

from  J%9h  oo* 

SaWi9fit         no    24, 

Bemaind0r        69    36    (Supplement). 
Look  lor  tha-log.  sine  of  remainder  (namely. 69!  36'},  whioh  is  9*97x870;  or  log.  iiae 
lie*  24' =9^971870. 

Bx.  1.    Fiiid4lielog.  8ecaalof95*43';  also  the  log.  eoeeoant  of  the  same. 

Bobtraoting.  ^  43'  Irom  x8o^  o'  gives  remainder  84*  X7',  and  look  for  the  log,  leoaat  of 
S^ %^y  wUek laii-ooiToXf  .* . Is^. seiaatfOlr95*'4^'  ia ii*oax7or« 

Again,  look  for  the  coseeant  of  84*  17',  whiebia'to^oo2i65;  .  Me^.  neipeunt  of  95*  43'  is 
10*002x65. 

Ex.  3.    Find  the  log.  tangent  of  X28*  55'  47". 

Fiom  tW  o'  o'  Subtract  X28«  55'  47"  (Bemainder)  =;  51*  4'  n^  (Supplement). 

.'.  Sipplement  of  the  ^ven- angle:  s  51*  4'  I3^ 

Log.  tangent  51*  4    0"=  10092664  Tab.  diff.    431 

Fiurisfor  X3  =+        56  X  X3 

liog*  tangent  51    413  =  10*09x720  1293 

431 

5^,03 

Of  56 
•*  •  Log*  tangent  ia8^  ss!  M*  =s  10*0927  so.    Ahm. 
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(4^  Tahlss  of  tiOgarithmi  of  iHgonometrical  Batio9. 

!f  6.  But  a  readier  wslj,  and  the  better  practical  method,  is  to  proceed  as 
follows : — 

EULB  XXI. 

Diminiah  ih$  given  angle  hy  90^,  and  look  out  the  remainder  in  ik$  tahlee^ 
oUerving  that  if  the  trigonometrical  ratio  have  "  00  "  prefixed  to  it  drop  ike  *'  co," 
hut  if  it  have  not  "co,''  prefix  it,  then  find  the  logarithm  corresponding  to  the  new 
ratio  and  angle.     Or, 

If  A  4$n$t$  any  angle  Uu  than  90^,  thiH 

For  tine  . , (90  -)-  A)  iak$  tnU conm  A 

„   Umgent (90  -j-  A)  ■ wtangtni  A 

„   meant   , (904- A) oommm^A 

^   c(MtiM  (90  +  A) ..mimA 

,,   coteeant    ....  (90  -j-  A)  — ■^— •  •  teeant  A 

„   cotangent . . . .  (90  -)-  A)  — •     tangent  A 

03«.— This  rule  may  easily  be  remembered  by  observing  that  to  the  linei  taDgent,  and 
Becant,  eo  is  prefixed,  while  from  the  Maine,  cosecant,  and  ^tangent,  the  «0  is  dropped,  and 
in  each  case  the  excess  of  90®  of  the  angle  is  used. 

EZAMFLBB. 

Ex.  I.    Find  the  log.  cosine  of  iid*. 

To  find  the  log.  cosine  of  110°,  or  log.  cosine  (90  -|-  20),  take  out  the  log.  sine  20®  (t.d.,  for 
no®  —  90**),  which  is  9*53405*- 

Ex.  2.    To  find  the  log.  secant  of  1 60^  1 2',  take  out  the  Mseoant  70''  1 2',  which  is  10*026465. 
Log.  ooeine  of         143*34'  =    Log.  sine         53*  24' is   9*904617 
Log.  ooeeoant  of       99  37    =    Log.  secant       9  37  m  10-006146 
Log.  sine  of  109     3    =    Log.  cosine      19     3  „    9'9755S3 

Ex.3.    Findthelog.  ooeeoant  of  131^45' I9''* 

Subtracting  90*  from  131°  45'  19'  =  41'  45'  19*. 

Log.  cosecant  i3i»  45'  19*  =  log.  secant  41*  45'  19*. 

Log.  secant    4«®45'  o'=  10*127228  Tab.  diflf.      188 

Parts  for        +        19  =  +        36  X  19 

Log.  secant    41  45  19  =  10*127264  1602 

35,7* 
In  this  instance  '*co"  is  prefixed  to  the  giyen  trigonometrical  ratio,  then,  aooording  to 
rule,  *'co"  is  dropped,  and  the  log.  corresponding  to  the  new  ratio  is  taken  out  for  the 
remainder  resulting  from  the  given  angle  when  diminished  by  96". 

Ex.  4.    Required  the  log.  tangent  99*  32'  58'. 

Log.  tangent  99**  32'  58*  =  cotangent  9*  32'  58'. 
Log.  cotangent  9^32'  o*=  10*774844  Tab.  diff.  1288 

Parts  for  +      58  =  —       747  58 

Log.  cotangent  9  32  58  =  10*774097  10304 

^440 

747»04 
76.    In  Bapeb  the  required  logs,  are  giyen  to  every  half  minutOi  and, 
therefore,  the  required  log.  is  to  be  taken  out  to  the  nearest  less  arc  to  that 
given;  and  adjoining  it  will  be  seen  a  oolmnn  oL'^PartSi"  from  which  the 
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oorreotioii  for  the  remaining  seconds  is  to  be  taken,  and  this  correction  is  to 
be  add&d  if  the  log.  taken  out  be  a  sine,  tangent,  or  secant,  but  tuhtraeUd  if 
it  be  a  cosine,  cosecant,  or  cotangent  (that  is,  if  the  log.  have  eo  prefixed). 
See  Note  2,  page  46. 

In  most  oaMS  the  parts  are  given  in  the  adjoining  colamn  for  every  aeoond  np  to  30',  bat 
frheo  the  angle  is  small,  or  large,  some  are  given  for  each  aeoond  up  to  lo*.  In  thin  case, 
if  the  parte  for  a  larger  nnmber  of  odd  seconds  than  10  are  required,  take  them  oat  in 
instalmeats.  When  the  angle  is  very  small,  or  very  large,  the  parts  are  not  oalcnlated  at 
all,  bnt  the  differenoe  for  a  half  minute  is  given  opposite  to  each  logarithm.  In  this  case 
multiply  the  given  difference  by  the  number  of  the  odd  seoonds  and  divide  by  30.  The 
result  will  be  the  parts  required. 

Examples. 

Ex.  X.    Find  log.  tine  37^  19'  5l^ 


Log.  sine 
Diff.  for 


37''«9'3o'=9'78»7i3 
ai=+       58 


Log.  sine         37  19  51  =  9-782771 
Ex.  a.    Find  log.  cotang.  640  53'  39% 

Log.  ootang.    64^*5 3'  30'=  9-6708 1  j 
Diff.  for  9  =  —      49 

Log.  ootang.    64  53  39  =  9*^70764 

£k.  3.    Knd  log.  tang.  8«  32'  18'. 

Log.  tang.         8^32'  0'=  9*176224 

Diff.  for  10  =:  143 

8  =  115 

Log.  tang.         8  32  18  =9*176482 

Ex.  4.    Find  log.  cosine  83*  41'  57'. 

.cosine     83^41' 301^  =    9*040914  Diff.  for    10'  =    191 


iff.  for 


»7    =    —     S^S 


Log.  ooaine     83  41  57    =    9*040399 

Ex.  5.    Find  log.  cosec.  3^  7'  2I^ 

Log.  oosec.      3°  7'  o'  =    11*264646 
Diir.  for  21    ==    —       812 


Log.ooseo.      3    7  21    =    11*263834 


Diff.  for    ID    =    191 
Diff.  for      7    =    133 

Diff.  for    27    =    515 


Diff.  for  30'  =    1 160 
21  . 

1 160 
a3»o 


3.0)243^0 
Diff.  for  21'  =    812 

77.  But  fer  the  purpose  of  lessening  the  labonr  of  finding  the  log.  sines 
and  cosines  in  the  case  wheretiie  parts  are  not  given,  two  other  tables  have 
been  constmcted  (Tables  66  and  67). 

TaUe  66  gives  the  IsgaritlMBa  of  sines  of  small  anglAS  from  oP  to  i*  30',  and  the  logarithms 
ef  eoaines  of  large  Mglee  fron  88*  30'  to  90*  to  each  seoond.  Table  67  gives  the  logarithms 
of  aines  of  angles  from  i*  30^  to  4*  31'  and  the  log.  cosines  of  angles  from  85*  29'  to  88*  30' 
io  every  tan  seoosids.  In  Table  67  there  are  columns  of  *'  parts  *'  by  which  the  log.  of  the 
sitte  or  cosine  of  am  angle  containing  odd  seoonds  may  be  fonnd,  and  conversely.  Each 
page  of  this  Table  is  divided  into  six  spaces  by  horisontal  lines,  and  there  are  two  columns 
of  parts  in  eaob  spaoe.  The  kA-haad  colamn  of  parta  is  to  be  osed  when  the  angle  is  in 
the  nppw  half  of  the  qpeoa^  and  the  riyht-h«»d  oolnmn  wl^en  it  if  ii^  t|ie  lowe^. 
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FiTAlfFT.TM. 
Bx- 1.    Trice  <mt  leg.  sine  !•  5*  34* 

Log.  sine  i*  5^  34'  =  S*sSo3<3.    Am. 

Ex.  a.    T^e  out  log.  cosine  88»  43'  57*. 

Log.  cosine  88*  43'  57'  =  8-344790.    Am, 

13Z.3.    Find  log.  skle4<>l^t8^ 

Loff.  sine  ^''t^  ro'=  8888446 
Dot  to  8  =:-4-      ai6 

Log.  sine  4  36  t8  =  8  888662 
In  this  instance  the  parts  are  taken  from  the  right-hand  colnmni  because  the  angles 
4*  a6'  zo',  is  situated  in  the  lower  half  of  the  space. 

TJTAMTT.m  K>E  PfULCnOE. 

Beqnired  {he  log.  aise,  tuigent,  aeeant,  oonnei  cotangent,  and  ooseoant, 
corresponding  to  the  foUoiring  arcs : — 

I.    37'*49'»4'  3-    io<»io' 

«•    56  54  I?  4-      « 

Take  out  of  the  Table  Ac  following  :— 

7.  Log.  sine       2*40^10^ 

S.  Log.  sine    170  30  30 

9.  Log.  sine       i  49  47 

10.  Log.  cosine  89  59  19 

11.  Log.  cosine  88  40  56 
IS.  Log.  cosine  108  40    6 

13.  Log.  tang.      187 

14.  Log.  ootang.  3    7    S 

15.  Log.  tang.  114    9  3^ 

78.  If  the  yalue  of  die  log.  sine,  log.  cosine,  dkc,  t .«.,  the  logariflim  of  a 
trigonometrical  ratio,  ha  giyen,  and  it  is  required  to  find  the  corresponding 
angle  in  degrees  and  minutes,  we  use 

BT7LE  XXn. 

Look  for  iho  logmUhm  in  the  Hooral  eohmns  of  the  iM$  markod  Mt  fh$  top  or 
bottom  wM  the  name  of  the  givm  trtgommUriedl  ratiOf  wMoh  Umgfoumi  mmm% 
0r  tho  neareatf  ioheihtr  largor  or  awutUor,  to  t ^,  will  gioo  ike  iegreee  0nd  mimsUe 
amwering  to  tie  gioen  hgariihmj  hemg  careful  to  oheerve  thai  when  the  namtofthe 
given  ratio  it  found  at  the  to^of  the  table,  then  the  degrees  are  to  he  taken  from 
the  top  and  the  minutes  ^om  the  left-hand  marginal  column :  huiifthe  name  of 
ihe  ratio  ie  found  ai  the  bottom  #/«!#  table,  take  the  iegnmfhm' the  hoi^Um,  and 
the  minutes  >#«•  Ae  right-haad  oido  of  the  page. 

Non.^In  nsing  the  Table  in9trulr%  for  example,  in  searching  finr  the  angle  which  his 
9*6 1 1 294  for  the  logarithm  of  its  sine,  the  stndent  must  not  diating«Sah  tine  fnok  tadm%  aor 
tangent  from  cotangent,  bnt  mnst  consider  timt  and  eonme  as  one  table,  Ungeali  aad 
eotangmU  as  one  table,  and  mnst  oast  an  eye  on  both,  and  get  to  9-61 1294  we  lui  as  he  eaau 
For  want  of  this  oantion  some  beginners  will  tnm  OTer  page  after  page  aittl  thtf  cobm  Is 
45®,  and  then  back  again  to  the  Torj  page  that  waa  first  opened. 


€!> 

5.    1 

87^  18- 45^ 

47 

6. 

I    0  40 

16. 

Log.  00800. 

i27'3o'40* 

«7. 

Leg.  ooeeo. 

Ml  16  5« 

18. 

Log.eiae 

»    0  5j» 

19. 

Log.  oetang. 

«9  »3  37 

ao. 

Log.  cosine 

87  a3  a7 

at. 

Lqg.  cosine 

88  50  a9 

aa. 

Log.  tang. 

I     a  18 

»3- 

Log.  sec. 

lof    8    7 

»4- 

Log.  sine 

no  II  18 

•  When  the  tabalar  diffwanse  is  eoniidsiaUs^  ss  ia  lUi  insfeane^  the  1^  4i 
lednoed  ivm  the  kf.  of  the  neaisft  miiwte. 
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EZAIIPLB. 
Ex.  I.    Beqoired  the  angle  corresponding  to  the  log.  sine  9-7 29233. 
^  P*KO  '4s>  Talle  XXV,  Noub,  onder  the  word  "Sine,"  and  opposite  35'  in  left-hand 
muT^inal  colamn,  are  the  exict  fignres,  the  degree  (being  sought  at  the  head  of  the  page, 
hecaose  the  oolamn  in  which  the  figures  aro  found  is  named  at  the  head)  is  32^ ;  therefore^ 
the  angle  is  32'  3/. 

If  the  angles  for  the  a  sine  of  the  same  logarithm  be  required,  the  degrees  are  fboLd  at 
the  bottom,  and  the  miiiu'ei  in  the  right-hand  column,  and  is  57^  35'  aooordingljv 
Log.  sine      9731009  =  32'  34'  Log.  cosine      9*995555  =   8*  11' 

Log.  sine      9-871073  =  48    o  Log.  coseo.     10*030^80  =  6845 

L'>g.  tang.    9-787'>36z=  3c  39  Log.  cjtaog.  10*508830=17  13 

Log.  tang.  10*047850  =  48    9  Log.  cosine    '  9  718497  ;=  58  38 

Log.  sec     10*043673=25  j6  Log.  coseo.     10-307885  =  2929 

Log.  sec.     10-566325  =  7415  Log.  ootang.  11*197335=    338 

79.  If  the  yalue  of  the  log.  sine,  log.  cosine,  &g.,  be  giyen,  and  it  is 
required  to  find  the  corresponding  anglo  in  degreesi  minutes,  and  seoondsi 
we  use 

EULE  xxin. 

i^  Find  in  the  Talles  (XXY,  Norib)  ihs  next  lower  log.  sine,  log.  eoeine^  Sfc.^ 
and  note  the  corresponding  degriee  and  minutes  ;  aUo,  take  the  number  from  the 
corresponding  part  of  the  adjoining  column  of  *'Diff.^' 

2°.  Subtract  this  from  the  givin  kg.  sine,  log.  cosine^  Sfe.<,  muUiplg  the  difference 
hg  100,  i.e.,  annex  two  cyphers,  divide  hg  the  tabular  difference,  and  consider  the 
resuU  as  seconds. 

$\  If  the  given  value  be  that  of  a  log.  sine,  log.  tangent,  or  log.  secant,  add  these 
seconds  to  the  degrees  and  minutes  found  in  1°;  if  it  be  that  of  a  hg.  cosine^  hg. 
tangent,  or  hg.  cosecant,  i.e.,  if  the  hg.  have  ^0  prefixed,  subtract* 

The  result  will  be  the  required  angle. 

KoTx. — If  the  given  log.  be  a  «0dine,  eoseoanf,  or  mtangent,  we  may  seek  out  the  next 
freai^r  to  the  given  log. :  then  proceed  by  3"  to  find  the  seconds^  which  add  to  the  dogrocs 
and  minutes  as  found  by  i^.* 

Examples. 

Ex.  I.  Given  log.  sine  =  9-422195  (or  1*423195) ;  find  the  angle. 
We  take  oat  9*421857,  the  log.  sino  of  15°  19',  as  it  is  the  logarithm  next  leu  than  the 
givtfli  one,  which  we  take,  as  the  logarithms  in  the  cjlumns  increase  with  the  angle.  The 
difference  of  these  logarithms  is  338,  and  if  two  cyphers  be  affixed  to  the  difference,  and  the 
number  then  divided  by  768,  taken  from  the  column  of  Diffl  in  Table,  we  have  44  for  the 
nomber  of  seconds  to  be  added  to  the  degrees  and  minutes  before  taken  out.  The  woric  will 
stand  thus;— 

Given  log.  sine  9*422195 

Tab.  log.  sine  next  loss  9*421857  =  log.  sine  15"*  19' 

Tab.  diff.  for  xoo'  =  7^8)*338oo(44'  additional  seconds* 
307a 

3080 

llfcerefore  9*422195  nr  log.  sine  of  15^  19'  44'. 

*  By  writing  down  the  loj;.  corresponding  to  the  next  lest  angle  in  every  ease  the  seoonds 
sra  alwavs  additive,  thus  uToidiog  confusion  as  to  their  mode  of  applicatioii*  (Ses  NotCb 
Ilulc  XVII,  page  47). 
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£z.  1.    Girea  log.  cosine  =  9-872242  (or  1*873242) :  find  the  angle. 

Here  we  take  out  9'873223,  the  log.  oosine  of  41''  41',  as  it  11  the  log.  ooeiao  in  the  Table 
next  lew  than  9-873242.  The  diS>  enoe  between  these  two  log&rithms  is  19 ;  and  if  two 
r>ypher<i  be  affixed  to  the  differanoe  we  i^efc  1900;  whence  1900  dividid  by  1S7,  the  number 
from  the  oolumn  of  *'DiC  gives  10  for  the  namber  of  seconds  to  be  subtracted.  HoLoe 
the  required  angle  is  41**  40'  50*.    The  work  will  stand  thns  :— 


Gifen  log.  eosind  9*873242 

Tab.  log.  oosiad  next  less     9*873223  =:  log.  oosiae  41^  41' 


19  X  100 


»9 


Tab.  diff.  for  100^  =  187 


187 


•  =:  10*  subiractive. 


Therefore,  9*873242  =  log.  oosine  of  41^  40'  50'* 


Or,  prooeeding  aooording  to  Note^  Bale  XVII,  page  47. 

Given  log.  cosine  9*873242 

Tab.  log.  cosine  next  greater  9*873335  =  41*  40'  (next  hsi  angle). 

Tfcb.  diff  for  I  do"  =:  187)9300(50%  nearly,  addiiwe, 
.  • .  angle  required  =  41*  40'  50*. 


••707^54 
8*600700 


5. 
6. 


9*500000 
9*909176 


EXAIiyTiKfl  EOB  FRAOnOB. 

Bequired  the  Angles  (to  the  nearest  seoond)  the 

1.  9*7***79 

2.  9*926100 

Find  ihe  Arc  to  the  Log.  Oosine  of 
I.    9*787140  3.    9''797»^  5«    8*361861 

».    S-I34758  4-    9S«7»3>  ^-    993*33« 

Find  the  Arc  to  the  Log.  Secant  of 
I.    10*000765        a.    10*205665        3.    10*048398 

Find  the  Arc  to  the  Log.  Cosecant  of 

1.  io*3522oS       3.   10*121000       5.    11*467931 

2.  11*005231         4.    11*44*539         6*     11*166007 

Find  the  Aro  to  the  Log.  Tangent  of 

1.  10-000100        3.     8*961007        5.    8*297036 

2.  10*287342    4.  11*276400    6.  9-716135 

Find  the  Aro  to  the  Log.  Cotangent  of 
I.   11*197568       »•   8*327691         J.   8*272775 


Log.  Sine  of  which  is : — 
7*456430 
9*999631 


9.     9'90oco3 
10.     8*462167 


9*998970 
8-281485 


9-    7797S»o 
10.    9*000000 


4.     10022719         5.     11*642535 


7. 
8. 


10*070362 
11-079003 


11*282456 
11-060431 


9.  10*009000 
to.  11*290123 


9.  8-668612 
10.  8*258262 


4*  8*460000    5.  11-069844 


I. 

1. 
3- 
4^ 

5- 
6. 

7* 


MISCELLANEOUS. 

If  eina  A  b  'M^^Sh  ^^  ^off*  •^  ^ 

If  tang.  A=  3»  find  log.  tang.  A. 

Given  log.  000.  A  zz  9*2367 1 3,  find  nat  cos.  A 

GUyen  log.  tang.  350  20'  c=  9*850593,  find  log.  ootang.  35*  20'  withoat  nsing  any  tables 

aialL 
Find  the  log.  cosec.  68*  45'  24'  from  the  taUe  of  natural  sines  only. 
Qiven  log.  sec.  A  =  11*024680,  find  nat.  cos.  A. 
QiTen  log.  oosine  A  r=  9*4509^11  find  A  (i)  from  a  table  of  Io$.  oosineji  and  (2)  frQoi 

f^tabl^  of  qai  comeot 
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SMm  of  Logariikm  of  !tVig<mmdriedl  Saiioi. 


$9 


<•    Qhmt  nat.  mo.  A  =  2*005163,  find  A  (i)  from  a  table  of  nat  Blnet  and  oorines,  and 
(a)  secant  from  a  table  of  log.  seoaote. 

9.    Blne36-Xtang.54<>  =  -654. 
ro.    Find  by  the  tables  the  angle  whose  sine  is  v^^ 
II.  .Giren  log.  cot.  A  :=  1 1*015627,  find  nat.  oot.  A. 
XI.    find  nat  oot  45^*  iS'  17*  from  the  table  of  cotangents* 
13.    Find  to  the  nearest  second  the  angle  whose  sine  is  i,  },  i,  and  |S{. 
»4-  „  «  tang,  is  tt, «},  and  iH. 

60,    lit  is  also  necessary  to  have  a  distinct  conception  of  the  limits  to 
which  the  IMgOnometrical  Batios  tend  when  the  angles  become  right-angles. 
The  fidlowing  are  the  Trigonometrical  Batios  for  the  angles  o^  and  90®: — 
$in.         o"*  =  o  Sin.         96*  ^  i 

Ooe.        o<*  =  I  Cos.        90<*  ^  o 

l^wg.      cPzrzo  Tang.      90"*  =00 

Oot         <y»  =  00  •  Cot.         9D»  =  o  ... 

8eo.         o®  =  I  8eo.         90®  =z  00 

Cosec.     o"  =  00  Cosec.     90"  =  1 

And  the  following,  thereforei  are  the  Logarithms  of  their  Trigonometrical 
Batios: — 

Log.  sin.  oP  =  —  M  Log.  sin.  90*  =  o 

Log.  cos.  o<*=o  Log.  COS.  90^r=<*.^«ar 

Log.  .tang.  o<*  =  —  m  Log.  tang.  90*  t=  o* 

Log.  oot  o**  ^  00  Log.  oot  90*  =  — >  M 

Log.  sec  o^  ^  o  Log.  sec.  90^  =:  00 

Log.  cosec.  d*  =  00  Log.  eoseo.  90**  =:  o 

6L  When  these  values  occur  amongst  others  requiring  to  be  added  to 
or  subtracted  from  them,  the  learner  must  be  careful  to  remember  thai  th 
addition  to  or  subtraction  from  them  0/ finite  numhen  cannot  aU&r  them*  Heti6s 
the  explanation  of  the  results  in  the  following : 

EZAMPLBS. 


Ex.  I.    Add  together  log.  cot  o*  and  log. 
ne  io\ 

Log.  oot    0°  =    00 
Log.  sine  20®  =  9'53403» 

Ant.        00 

Ex.  3.    From  log.  cos.  o^  take  log.  sine 

Log.  COS.    o®       =    —  00 
Log.  sine  6s°  48'=  9*949^^5 

Ant,    i—  «• 


Er.  1.    Add  together  log.  cos.  90**  and 

log.  tang.  45^ 

Log.  COS.    90^  -=..00 
Log.  tang.  45^  =  10*000000 

Ant,       M 

Ex.  4.    From  log.  tang,  ai^*  4S'  30'  take 
log.  cot.  90°. 

Log.  tang.  a|0  48'  30*  =  9*60311  a 
Log.  cot    90^  =    —  00 

Ant,       00 


62L  In  fhe  event  of  a  bad  or  obliterated  figure  in  the  table,  it  may  be 
ecmyenient  to  know  that  the  tangents  are  found  by  subtracting  the  cosines 
from  the  sinos,  adding  always  10,  or  the  radius ;  the  cotangents  are  found  by 
enbtraoting  the  tangents  from  20,  or  the  double  radius,  and  the  secants  are 
found  by  subtractting  the  cosines  from  20,  the  diameter  of  a  drclo  whose 
radius  is  ro. 

•  TtiiB  mathcm%tical  symbol  is  called  infinity. 
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NAVIGATION, 


Centre. 


Badins. 

Diameter, 

Seetioxu 
Great  Oirele. 
Small  Oirele. 


SPHEEIOAL  TBIGONOMETET. 
An  aeqaainti&ce  with  the  properties  of  the  sphere  heing  absolutely  necessary  for  the 
nantioal  stndont  we  giye  the  enonoiations  of  the  most  important,  but  etate  the  definitions 
•t  length  for  oonvenienee  of  fntnre  reference. 

Sphere.  A  8phir$  is  a  sarfaoe,  every  point  of  whioli  is  equally 

distant  from  a  fixed  point  within  it ;  this  fixed  point  is 
oalled  the  Cen^e.  A  sphere  may  be  conceived  to  be 
generated  by  the  revolution  of  a  semicircle  about  its 
diameter,  which  remains  fixed  throughout  the  motion. 

The  straight  line  which  joins  any  point  of  the  surface 
with  the  centre  is  called  a  Badius. 

A  straight  line  drawn  through  the  centre  and  terminated 
both  ways  by  the  circumference  is  called  a  Diamet&r. 
Every  Section  of  a  sphere  by  a  plane  is  a  circle. 
A  Oreai  Ctrele  of  a  sphere  is  a  section  of  the  surface  by 
a  plane  which  passes  through  its  centre.  A  Small  Circle 
of  a  sphere  is  a  section  of  the  surface  by  a  plane  which 
does  not  pass  through  its  centre. 

.  All  great  circles  of  a  sphere  have  tlie  same  radius.  All 
great  circles  bisect  each  other. 

The  Axis  of  any  circle  of  a  sphere  is  that  diameter  of  a 
sphere  which  is  perpendicular  to  the  plane  of  the  circle. 

The  ewiremiiiee  of  that  diameter  of  a  sphere  which  is 
perpendicular  to  the  plane  of  a  circle  are  called  the  Foles 
of  the  circle. 

The  poles  of  a  great  circle  are  equally  distant  from  the 
plane  of  the  circle. 

The  poles  of  a  small  drde  are  not  equally  distant  from 
the  plane  of  the  circle.  In  the  case  of  a  small  circle  the 
poles  may  be  distinguished  as  the  adjacent  and  reinote 
poles. 

All  parallel  circles  have  the  same  poles.    The  distance 

of  every  point  in  the  circumference  of  a  circle  from  either 

of  its  poles  is  the  same.     The  poles  of  a  great  circle  are 

90^  distant  from  every  point  of  the  circle. 

Oihcrd{ftai48,"^k  set  of  lines,  angles,  or  planes,  or  combination  of  these,  whioh,  taken 

together,  define  the  position  of  the  seyeral  points  of  a  giren  sorface,  or  points  in  spaoe.   The 

method  was  inTonted  by  DssoAnTis,  the  French  geometer,  who  first  expressed  algebraically 

theorems  involving  the  poiUiaH  of  lines.    To  represent  the  position  of  a  onrve  on  a  plane  he 

chose  a  certain  right  line,  to  the  different  points  of  whioh  he  referred  all  the  points  of  the 

giren  curve;  then  he  chose  a  certain  point  in  this  line  from  which  to  commence  the 

reckoning  (''ad  ordiendim  ab  es  calcnlnm/')    Hence  the  series  of  lines  by  which  the  cnrre 

was  referred  to  the  chosen  line  were  called  ordmaU*  (deriTcd  from  a  word  of  the  same  root, 


Aade. 


Poles. 


Adjacent  and 
Bemote. 
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'SphA'ieai  iHgtimmilry. 
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wUrnr^  to  xmnge  io  order),  and  the  portions  of  the  line  <'cnt  off"  by  this  series,  from  the 
chosen  point,  were  named  abseiute  {Vahseindere,  to  cnt  off.)  If,  however,  two  lines  are  taken 
intersecting  each  other  at  a  given  angle  in  a  fixed  point*  the  several  poiots  of  the  onrve  in 
question  may  be  referred  to  each  of  them  in  tnrn,  and  thos  two  sets  ofordinaiea  be  contem- 
plated which,  tak$n  ioyeih4r,  define  every  point  of  the  curve ;  hence  the  term  eo-orHwUee, 
Pig.  7.  Fig.  8. 

JP 
T  ^^ 


-X 


M 


0  is  the  centre  of  the  sphere  \  0  B  and^O  D  are  Eadii ;  P  F  and  B  D 
Diameters. 

AB QD  is  a  Great  Qrde. 

EST  is  a  Small  Circle. 

PF  is  the  Axis  of  the  circles  AB  QD  and  E  S  T,  and  PF  are  the  Poles 
of  those  circles;  P  is  the  Adjacent  to  E  S  T,  F  the  Eemote. 

PBF  and  PNF  are  Secondaries  to  ABQD. 

B  P  N  is  a  Spherical  Angle  measured  by  B  N. 

EST  is  a  Parallel  to  ABQD. 

XN  and  NS  are  spherical  co-ordinates  which  determine  the  position  of  S 
with  respect  to  the  fixed  Primary  ABQD  and  the  fixed  Secondary  PXF. 
Primary  Cireles.       Eegarding  any  great  circle  as  a  Primary  circle,  all  great 
Seeondaries.  circles  which  pass  through  its  poles  are  called  its  Sectm- 

daries. 
All  secondaries  cut  their  primary  at  right-angles. 
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6z  Tke  Terrestrial  Sffsism. 


Spherical  The  position  of  a  point  on  a  sphere  may  be  referred  to 

Co-ordinates.         any  great  circle  and  a  fixed  secondary  by  measuring  its 

distance  from  them  along  the  great  circle  and  along  the 

secondary  which  passes  through  the  point.    These  distances 

are  called  the  Co-ordinates  of  the  point. 
Spherical  Angle.       The  angle  between  two  great  circles  is  called  a  Spherical 

Angle, 
kin  of  a  Oreat  The  arc  of  a  great  circle  is  measured  by  the  angle  sub- 

Circle — how  tended  by  it  at  the  centre  of  the  sphere,  which  is  also  the 

measured.  same  thing  as  the  angle  of  inclination^  at  its  pole,  of  two 

secondaries  drawn  through  its  extremities. 
The  two  following  propositions  are  necessary  for  the  proper  understanding 
of  our  subject,  we,  therefore,  here  introduce  proof  of  them. 

A  great  circle  A  great  circle  may  be  drawn  through  any  two  points  an  the 

may  be  drawn  surface  of  the  sphere.  For  if  these  two  points  be  joined  by 
through  any  two  a  straight  line,  and  a  plane  in  which  this  line  lies  be  made 
points  of  the  to  revolve  about  it  till  it  meets  the  centre  of  the  sphere*  it 

sphere.  is  evident  that  this  plane  must  then  cut  the  sphere  in  a 

great  circle  which  passes  through  the  two  points. 

The  shortest  distance  will  be  a  curve  in  a  plane,  or,  in 
other  words,  a  circle;  and  of  the  indefinite  number  of 
circles  which  planes  passing  through  the  two  points  make 
with  the  surface  of  the  sphere  the  great  circle  is  the  largest, 
and,  therefore,  its  arc  joining  the  two  points  has  less  curva- 
ture than  the  arc  of  any  other  circle  joining  them.  Hence 
it  most  nearly  approaches  the  chord,  which  is  a  straight 
line,  and  a  straight  line  is  the  shortest  distance  in  space 
between  two  points. 

THE  TEEEESTEIAL  SYSTEM. 

The  Primary  Circle  is  the  Equator. 

The  Secondavy  Circles  are  called  Meridians,. 

Co-ordinates,  Latitude  and  Longitude  (see  above). 

The  first  step  in  applying  the  principles  aboye  to  the  terrestrial  sphere  is  to  fix  npon 
the  primary  great  circle  for  the  axis  of  co-ordinates.  The  question  is  dneided  ly  a 
physical  characteristic  of  the  earth,  viz.,  its  diurnal  rotation,  from  which  we  get  a  dejlniu 
lins^  itself  immovable,  ss  the  primary  one  on  which  to  base  onr  definitions  of  the  enrves  and 
points  of  the  terrestrial  sphere.  The  great  circle  whose  plsne  is  perpendionlar  to  this  fixed 
line  is  chosen  as  the  primary  eirclo  for  oo-ordtnates,  on  which  are  measnred  the  absoissiSf 
and  on  secondaries  to  it  are  measured  the  ordinates  of  the  various  points  on  the  earth's 
surface.  The  abscissia  are  reckoned  to  the  right  and  left  of  the  initial  position  of  the 
secondary  or  origin,  and  designated  respectively  east  and  west  longitudes ;  and  the  ordinates 
are  reckoned  from  the  primary  circle  towards  the  poles  of  the  primary,  and  designated 
respectively  north  and  south  latitudes.  The  initial  secondary  is  variously  chosen  by 
diflerent  nations,  usually  their  principal  observatory,  and  is  commonly  called  the  first 
meridian.    We  are  now  in  a  position  to  give  the  following  definitions. 

Axis  of  the  The  Axis  of  the  earth  is  that  diameter  about  which  it 

Earth.  revolves  from  west  to  east  with  a  uniform  motion. 
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PolMof  tlie 
Sartb. 


Equator. 


Figure  of  the 
Earth. 


Exact  Pi|^e  of 
the  Earth. 


The  Foles  of  the  earth  are  the  two  extremitiefi  of  the 
axis,  distinguished  respectivelj  as  the  Iforth  PoU  and  the 
South  PoU.  The  former  being  that  to  which  we  in  Europe 
are  nearest. 

The  JEquator  (called  also  the  J^uinoctial,  and,  by  seamen, 
the  Line)  is  a  great  circle  on  the  surface  of  Uie  earth, 
formed  by  a  plane  perpendicular  to  the  axis  of  the  earth 
and  passing  through  its  centre ;  and,  therefore,  dividing 
the  earth  into  two  equal  parts,  the  northern  and  southern 
hemispheres. 

The  earth  is  nearly  a  globe  or  sphere. 

The  ordinary  proofs  of  this  are  of  the  following  nature:— ist.  When 
a  yeseel  is  seen  at  a  oonaiderable  distance  on  the  sea,  in  any  part  of 
the  world,  the  hull  is  entirely  or  partly  ooncealed  ly  the  water,  thongh 
the  masts  are  yisible.  and.  Ships  have  actually  and  repeatedly  made 
the  circuit  of  the  globe ;  that  is,  by  sailing  from  a  port  in  a  westerly 
direction  they  have  returned  to  it  in  an  easterly  direotiou.  3rd.  W  hen 
we  travel  a  considerable  distance  from  north  to  south,  a  number  of 
new  stars  appear,  success! velj,  in  the  heavens,  in  the  quarter  to 
which  we  are  advancing,  and  many  of  those  in  the  opposite  quarter 
gradually  disappear,  which  would  not  happen  if  the  earth  were  a  plane 
in  that  direction.  4th.  In  an  eclipse  of  the  moon,  which  is  caused  by 
the  interrention  of  the  body  of  the  earth  between  the  sun  and  moon, 
the  shadow  of  the  earth  thrown  on  the  moon  is  found  in  all  cases,  and 
in  every  position  of  the  earth,  to  be  a  circular  figure ;  the  earth,  there- 
fore, whioh  oasts  that  shadow,  must  be  a  round  body.  5 th.  Whenever 
a  portion  of  the  earth's  surface  is  measured  by  triangulation,  the  sum 
of  the  three  angles  always  exhibits  an  excess  over  two  right-angles, 
which  would  not  be  the  case  if  it  were  a  plane,  and  not  a  sphere. 
This  inorease  in  measurement  over  two  right-angles  is  called  the 
spherical  excess.  6th.  If  observations  be  made  on  different  points  on 
the  sur&oe  of  the  earth,  at  some  distance  from  each  other,  of  the  stars 
which  are  in  the  zenith  at  these  various  points,  it  will  be  found  that 
the  imaginary  straight  lines  which  join  the  point  of  observation  with 
zenith  are  not  parallel  to  each  other,  and  the  surface  of  the  earth 
must,  therefore,  be  a  curved  surface,  and  not  a  plane. 

The  earth,  however,  though  very  approximately  a  sphere, 
dififers  therefrom  to  an  appreciable  extent.  It  appears 
that  the  true  figure  of  the 
earth  is  very  nearly  that  of 
an  oblate  spheroid,  that  is, 
an  ellipsoid  generated  by  the 
roYolution  of  an  ellipse, 
A  BCD,  Pig.  10,  about  lits 
minor  axis  A  B.  The  section 
made  by  a  plane  through  the 
earth's  axis  is  nearly  an 
ellipse,  of  which  the  major  axis  is  the  equatorial  and  the 
minor  axis  the  polar  diameter  of  the  earth  (the  eccentricity 
of  the  ellipse  is  designedly  much  exaggerated  in  the 
fijfure). 
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The  shortest  diameter  (that  which  joins  the  poles)  being 
7899  statute  miles,  and  that  at  the  fullest  parts  (about  the 
equator)  being  nearly  27  more. 

KoTB. — ^The  exact  form  of  the  earth  can  only  be  determined  by 
meaaarements  and  oalcnlationa  of  great  precision,  and  iir  a  aabject 
which  bUU  engages  the  attention  of  soientiflc  men.  We  can,  of 
course,  in  a  work  like  this,  give  no  intelligible  account  of  the  refined 
mathematical  processes  by  which  the  probable  values  of  the  flattening 
in,  and  the  absolute  dimensions  have  been  obtained.  It  is  generally 
l>elieved  that  at  some  remote  epoch  the  earth  was  in  a  fluid  or  semi- 
fluid condition.  At  the  time  that  this  was  so  the  effect  of  the  centri- 
fugal force  would  make  the  earth  bulge  out  at  the  equator  and  flatten 
it  down  at  the  poles,  and  thus  impart  to  it  the  shape  of  an  ellipsoid 
of  revolution.  The  shortest  axis  of  this  ellipsoid  would  coincide  with 
the  axis  of  rotation.  And  this  is  proved  by  observations  to  be  the 
case :  the  oscillations  of  a  pendulum  of  a  given  length  become  more 
rapid  as  it  is  conveyed  from  the  equator  to  either  pole,  proving  that 
the  force  of  gravity  is  increased,  and,  consequently,  that  the  poles  are 
nearer  the  earth's  centre  than  the  equator  ia.  The  measurement  of 
the  arcs  of  a  meridian  under  different  parallels  furnishes  another 
proof  of  the  same  £ict ;  for  it  is  found  that  the  length  of  a  degree  of 
a  meridian  increases  as  the  poles  are  approached,  and,  consequently, 
that  the  earth's  sur£EU>e  must  be  flatter  in  that  direction  than  else- 
where. The  earth  may,  therefore,  be  defined  to  be  a  spheroid  of 
revoliUtont  and  as  the  depression,  or  fiattening,  occurs  at  the  poles,  just 
as  in  an  orange,  it  could  be  described  in  mathematical  language  as  an 
oblate  spheroid,  in  contradistinction  to  tk  prolate  spheroid,  or  one  which 
resembles  an  egg  in  being  drawn  out  in  the  direction  of  the  i 


Accurate  geodetical  measurements  show  that  there  are  deviations 
from  the  regular  ellipsoid;  in  fact,  the  exact  figure  of  the  earth  is 
now  known  not  to  be  an  exact  ellipsoid  of  revolution ;  but  it  is  suffi- 
cient for  the  purpose  of  nautical  astronomy  to  assume  all  the  meridians 
to  be  ellipses  with  the  mean  dimensions  deduced  from  oU  the  measures 
made  in  various  parts  of  the  world. 

According  to  the  most  recent  determinations  by  Col.  Oul&kb,  B.E.,  * 
we  have  the  foUowlDg  dimensions  of  the  ellipsoid  of  revolution  which 
most  closely  approximates  to  the  figure  of  the  earth :— Let  abhe  the 
equatorial  and  polar  semi-diameters  respectively,  then 

a  =.  637S207  metres  =  20926062  feet, 
b  =  63565S4  metres  =  20855121  feei^ 


while  for  the  ellipticity, 


The  difference  of  this  equatorial  and  polar  radii,  expressed  in  parti 
of  the  equatorial  radius  as  unity,  is  called  the  eompreeeion, 


a  — ft  ft 

or,  e  =  -— ^  =  *  —  r 

'  a  a 


•  CMte^,  by  Ool.  A.  R.  Ohhsx^f  C.B.  (Clarendon  Fre«i  Se^esi  Ozford|  1880.} 
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Hmdiaai. 


The  Keridian 
of  a  Place. 


The  Pint 
Keridian. 


Latitude. 


Parallels  of 
Latitude. 
Co-Latitade. 
IKfforenoe  of 
latitade. 


Longitade  of  a 
Plaee. 


M&ridiani  are  great  oirdes  on  the  Bur&oe  of  the  earth, 
passing  through  the  poles  and  catting  the  equator  at  right- 
angles  ;  and,  thez,efore«  secondaries  to  the  equator. 

They  are  called  Miridiant  because  they  mark  all  places  which  haye 
noon  at  the  same  instant*  They  also  mark  ont  all  places  which  hare 
the  same  longitade,  and  are  hence  called  "  (Xreles  of  Zongitude,*^  The 
definition  above  is  only  correct  if  the  earth  is  regarded  as  *  sphere^ 
If  we  take  into  account  that  the  earth  is  an  oblate  spheroid,  it  must 
be  replaced  by  the  following: — Meridians  are  the  sections  of  the 
earth's  surface  by  planes  passing  through  the  two  poles.  These  curves 
are  ellipses,  the  major  and  minor  axis  of  which  are  respectiTely  the 
equatorial  and  polar  diameter  of  the  earth. 

The  Mmdian  of  a  place  on  the  surface  of  the  earth  is  a 
great  circle  passing  through  the  place  and  the  poles  of  the 
earth;  ii\  other  words,  it  is  a  section  of  the  earth  by  a  plane 
passing  through  the  poles  and  the  place. 

2%0  Fir$i  M$riiian  is  a  fixed  meridian,  by  reference  to 
which  the  position  of  points  on  the  earth  are  determined. 
The  selection  of  the  *^ Initial  Oirch  of  Jjmgitude^^^  or,  as  it 
is  more  commonly  called  the  ^^Fir$t  MmHan^^^  is  a  matter 
of  arbitrary  choice  amongst  different  nations;  thus  the  first 
meridian  is  with  us  that  of  Greenwich,  whilst  the  French 
use  Paris,  and  other  nations  their  principal  national 
obserratory. 

The  ZaUUide  of  a  Place  is  the  arc  of  the  meridian  inter- 
cepted between  the  equator  and  the  place,  reckoned  in 
degrees  (°),  minutes  ('),  and  seconds  (''}• 

Latitude  is  reckoned  north  or  south  &om  the  equator 
through  an  arc  oP  to  90^ 

If  ihe  earth  had  been  a  perfect  sphere  such  measurement  would 
haye  been  made  from  its  centre ;  but  as  it  is  not  the  measurement 
takes  place  from  the  intersection  of  a  perpendicular  let  fidl  from  the 
plane  touching  the  plane  with  the  equatorial  axis  of  the  earth.  This 
is  designated  geographinal  latitude,  in  contradistinction  to  the  angular 
distance  at  the  centre  of  the  earth,  measured  on  a  meridian  between 
the  equator  and  any  place,  whidi  angular  distance  is  designated 
geocentric  latitude. 

ParaUeh  of  Latitude  are  small  circles  formed  by  cutting 
planes  parallel  to  the  equator. 

Co-latitude  is  the  complement  of  the  latitude  to  90^. 

The  Difference  of  Latitude  between  two  places  is  the  are 
of  a  meridian  included  between  their  parallels  of  latitude. 

The  Difference  of  Latitude  of  the  Ship  is  th^efore  the  dis- 
tance made  good  in  a  North  and  South  direction.  Thie  is 
also  called  her  ^^Iforthing"  or  *^ Southing^^^  these  names 
being  indicated  by  the  initials  N.  and  S. 

The  Longitude  of  a  Place  on  the  earth's  surface  is  the  arc 
of  the  equator  intercepted  between  the  first  meridian  and 
that  passing  through  the  place.  ^  Or,  which  is  the  1 
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thing,  it  is  the  uigld  at  the  pole  included  between  the  ftnri( 
meridiAa  and  the  meridian  of  the  plaoe. 

Longitades  are  reckoned  from  the  origin — the  inierMction  of  the 
equator  by  the  first  meridian— eastward  or  westward,  either  in  arc 
o*  to  1 80^,  or  in  time  o^  to  ia\ 

Th0  Bijf&rmm  ofLmgiMk  between  two  places  is  the  aro 
of  the  equator  intercepted  between  their  meridian;  or 
which  is  the  same  thingi  the  corresponding  angle  at  the 
poles. 

F!g.  ir. 


£oiigitaie. 


PFistheEarth^sAzis. 

PaMLFaie&eBBleeoftheBsxth. 

BQ  is  the  Equator. 

«  di  t¥t,e/jdf9m  Parallels  of  Latitude. 

PAF|  PBF,  PDF,  ftc.|  are  Meridians  of  which  PDF  is  taken  for  the 
Piisi  Meridian. 

PIPF  i«  tha  Meridian  of  L. 

D0iatlMliO|iciliidnof  J.  DB  is  the  Longitude  of  S. 

QtJ  is  the  Latitude  of  J.  BS  is  the  Latitude  of  S. 

B  G  iis  the  Difference  of  Longitude  between  J  and  S. 

;j:E^i9  t)MDi%woe  of  Latitude  between  J  and  & 
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NAVIGATION.— DEFINITIONS. 

Navigation  is  a  general  term  denoting  that  science  wliioh  treats  of  the 
determination  of  the  place  of  a  ship  on  the  seai  and  which  fnmiahefl  the 
knowledge  requisite  for  taking  a  vessel  from  one  place  to  another.  The  two 
fundamental  problems  of  navigation  are,  therefore,  the  finding  at  sea  the 
preeent  position  of  the  ship,  and  the  determining  the  future  course. 

The  place  of  a  ship  is  determined  by  either  of  two  methods,  which  are 
independent  of  each  other:  ist.  By  referring  it  to  some  other  place,  as 
a  fixed  point  of  land,  or  a  previous  defined  place  of  the  ship  herself. 
2nd.    By  astronomical  observations. 

It  has  been  onstomary  to  employ  the  term  Navigatiov  in  arestricted  sense 
to  the  first  of  these  methods;  the  second  is  usually  treated  of  under  the  head 
of  Nautioal  Astbokomt. 

Kavigsftion  sod  Naatiotl  Astronomy  are  the  two  greet  co-ordinate  divieions  of  the  *^AH 
•fSaOmg  cm  th$  S§a,"  as  the  old  writers  quaintly  worded  it.  The  first  branch  of  the  art  is 
aecompUahed  by  means  of  the  Mariner's  Oompass,  which  shows  the  direotion  of  the  ship's 
track ;  the  Log,  whioh,  with  the  help  of  sand  glasses  for  measuring  small  intervals  of  time, 
gives  the  Telocity  or  the  rate  of  sailing,  and  thence  the  distance  ran  in  any  interval ;  and 
also  a  Chart  of  appropriate  oonstrnction ;  in  short  this  branch  of  the  art  relates  to  the 
directing  the  ship's  oonrse  nnder  the  varying  forces  of  winds  and  onrronts,  and  the  estima- 
tion of  her  change  of  place.  The  second  division  is  that  branch  of  practical  astronomy  by 
which  the  sitaation  of  the  obaerver  on  the  globe  is  ascertained  by  a  compMrimm  of  th$  position 
of  kit  Zmith  with  rotation  to  iho  hoavont  with  tho  kno¥m  potiHoH  of  tho  Zomth  of  a  known  pUm 
atthaMaBsmoiaeat  The  prineipaiiastriMMais  are  tbsssBkeat  for  measuring  the  altitudes 
and  takiAg  the  distances  of  heavenly  bodaes;  and  a  shfoniMstsr  to  tell  us  the  diiferenoe  in 
tiaa  between  the  meridian  of  the  ship  and  the  first  meridi«& ;  idee  a  pre-calculated  astro- 
acesieal  isgttter,  such  as  the  Naatiesl  Almanac^  the  Oonnaissanee  de  l^emps  of  France,  ftc 
Hie  solution  of  problems  in  aautioal  astronomy  reqaires  the  «se  of  spherioid  trigonometry, 
wliiok  is  theielbie  eharasteristie  of  tlds  aetbod  of  navigaUoa. 

Horiiott.  H^  Smwn  of  a  place  is  the  small  oirde  which  bounds 

the  Tiew  of  the  observer,  being  the  ckde  where  the  earth 
(or  sea)  and  sky  seen  to  meet  Thie  is  called  the  viiibU 
otuai$rmm. 

The  merMkn  line  of  the  spectator's  station  passes  noith  and  soufh  through  the  centre  of 
the  horiflon,  outting  the  drcemfbrenoe  in  the  north  and  ooidh  p<ants ;  a  diameter  drawn 
•S  i^;fat-«Dg9es  to  the  meridian  ents  the  ciroumferenee  in  the  etut  and  wott  points.  The 
horfson  is  thus  divided  Into  quadrants  by  the  four  cardinal  points,  north,  east,  south,  and 
wesC^  and  each  quadrant  is  sub-divided  into  eight  equal  parts  by  points  whic^  are  named  by  a 
eenbiaaticn  of  tiie  names  of  t&e  cardinal  points.  The  magnitude  of  each  division  is  also 
•pofesn  of  as  a  point,  and  is  equivalent  to  1 1*  15'.  The  horizon  is  dirided  again  according 
to  the  common  method  of  dividing  any  drde,  vis.,  into  360*,  and  in  this  case  it  is  some- 
tfoMB  co&Teaient  to  reckon  from  north  or  south  through  1  So*,  or  from  either  of  those  points 
to  the  east  and  west  points  through  90^. 

Slmsib.  Any  straight  line  drawn  &om  the  position  of  the  spec- 

tator to  theeiMamfereinceef  his  horiaon  is  called  a  jSAasii. 
Tfairty^two  of  these  have  names  assigned  to  them. 

Bhuob  Curve  or      The  line  connecting  the  several  points  of  the  earth 
Leandromie  through  which  a  ship  passes  in  sscoession  while  she  sails 

.Owe.  without  altering  her  course,  is  called  a  Rhumb  Zino,  or 
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j!hififiaii>f^^lk/inHidHi. 


LoxoAromxc  Ourf>4.  The  Ehumb  Line  coinddeB  with  the 
meridian,  when  the  course  is  due  N.  or  S.,  or  with  a  parallel 
of  latitude  when  the  course  is  due  E.  or  W.  On  any  other 
course  but  these  the  Ehumb  Line  is  a  spiral,  approaching 
nearer  and  nearer  to  one  of  the  poles  at  every  conyolution, 
but  never  reaching  it.    (See  Fig.  12.) 

Fig.  ia« 


Snoh  a  onivo  is  appropriately  called  the  JBquumguiar  Bpirul,  and  the 
Loxodr^mio  Oitrve;  and,  also,  beoaase  in  Bailing  on  it  we  keep  on  the 
same  rhumb  or  point  of  the  compas*,  it  is  oalled  the  Mumi  Ourffe. 
It  is  the  track  used  ordinarily  in  navigation,  for  when  oat  of 
sight  of  land  the  compass  determines  the  ship's  track,  and  hence 
the  selection  of  that  track  which  makes  a  constant  angle  with  the 
meridian,  the  advantages  of  snch  a  selection  being  that  the  seaman 
is  not  required  to  alter  his  coarse.  It  would  seem  desirable  to  take 
the  shortest  route  on  the  voyage,  and  this  is  the  arc  of  a  great  circle ; 
bat  the  great  circle  drawn  between  two  places — except  it  happens  to 
be  on  the  eqoator,  or  a  meridian  itself-Hmts  soccessiye  meridians  at 
different  angles,  as  a  little  consideration  will  show.  Oar  track  will 
then  generally  be  different  from  the  great  circle,  and  we  define  it  by 
its  essential  property  of  catting  all  the  meridians  at  the  same  angle. 
Its  form  is  a  spiral  which,  if  continued,  wiU  wind  round  the  globe 
and  approximate  to  the  p(de.  Thos  suppose  for  simplicity  we  start 
from  a  place  T  on  the  equator  (Fig.  la)  to  sail  to  T*  lying  to  the 
Korth.  Then  the  great  circle,  through  T  and  T*  outs  the  equator 
again  in  Q,  but  a  track  which  cuts  the  suocesrive  meridians  at  the  same 
angle,  passing  through  T  and  T  will  take  the  coarse  indicated  in  the 
diagram,  continually  approaching  to  the  pole  but  never  reaching  it, 
T  T'B.  That  such  a  cur  ye  may  be  drawn  through  any  two  given  points 
will  appear  from  this  oon8ideration,^-that  from  one  of  the  points  an 
infinite  number  of  these  corves  can  be  drawn,  making  different  angles 
with  the  meridian,  and  on  some  one  of  these  the  second  point  most  lie. 
It  is  evident  also  that  only  one  of  these  curves  can  pass  through  the 
two  points.  When  in  sight  of  his  port  the  compass  is  no  longer 
needed,  and  the  rhumb  line  is  given  up,  and  the  port  is  made  for 
on  the  great  circle.    When  accurately  following  the  oompass  oonnsg 
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we  ar6,  in  Btriotnesa,  only  approximating,  tbongh  very  closely 
approximating,  to  a  rhumb  line,  on  aoconnt  of  the  continuoos  change 
in  the  variation,  doe  to  the  magnetic  pole  and  the  pole  of  the  earth 
not  being  coincident. 

Course.  The  CcwrH^  from  one  point  of  the  earth's  surface  to 

another,  is  the  constant  angle  which  the  rhumb  curre 
joining  the  two  points  makes  with  the  meridians,  or  it  is  the 
direction  in  which  a  ship  sails  from  one  place  to  another, 
this  direction  being  referred  to  the  meridian,  which  lies 

Tme  Course.  truly  north  or  south,  or  to  the  north  or  south  line  of  the 
compass  by  which  the  ship  is  steered.    The  former  is  dis- 

Compass  Course,  distinguished  as  the  True  CourBe^  the  latter  as  the  C<mpass 
Caune. 

The  seaman  is  now  in  a  position  to  define  and  describe  the  direction  in  which  he  is 
■ailing  at  any  particular  moment,  tf.^.,  S.W.  by  S.,  or  S.  33*  45'  W.,  &o.  He  is  also  able  to 
take  this  direction  by  the  help  of  the  magnet,  which  carries  a  card  divided  by  rhumb  lines, 
precisely  similar  to  those  marking  the  divisions  of  the  horiaon. 

Sifltanoe.  The  DUtanee  between  two  places  is  the  arc  of  the  rhumb 

line  intercepted  between  them,  expressed  in  nautical  miles 
of  60  to  the  degree  of  latitude.  Thus  (Fig.  13,  page  70) 
the  length  of  the  line  A  F,  expressed  in  minutes  of  a  great 
oirde  of  the  earth,  is  called  the  distance.* 

This  is  always  the  sense  in  which  the  word  "distance"  is  under- 
stood by  the  seaman,  when  standing  alone,  via.,  the  length  of  the 
ship's  track  when  she  sails  on  a  constant  course  from  the  place  of 
her  departure  to  the  place  of  her  destination.  It  must  never  be  lost 
sight  of  that  the  distance  is  not  necessarily  nor  generally  the  ahorieti 
distance  between  the  two  places,  that  is,  the  distance  as  the  <'crow 
fiies."  On  a  Mercator's  chart  the  rhumb  curve  is  represented  by  a 
straight  line,  but  it  must  be  borne  in  mind  that  equal  parts  of  any 
such  line  do  not  represent  equal  distances  on  the  earth. 

Shortest  But  the  Shoriesi  JDuUmce  between  two  places  is  the  arc 

IKstance.  of  the  great  circle  which  joins  them. 

Keridiaa  The  Meridian  Distance  between  two  places  is  the  arc  of 

Sistanoe.  a  parallel  of  latitude  intercepted  between  them. 

Plane  Sailing.  Plane  Sailing  is  the  method  of  solving  problems  in  navi- 

gation, on  the  assumption  that  although  the  path  of  a 
ship  is  on  a  spherical  surface^  yet  the  length  of  this  path 
may  be  represented  by  a  straight  line  on  a  plane  surface, 
and  that  all  the  particulars  necessary  to  be  considered — 
longitude  excepted — ^may  be  embodied  in  a  plane  triangle. 


^  The  reason  of  this  is,  that  we  must  necessarily  have  a  uniform  unit  of  measurement, 
and  this  unit  is  conveniently  dhosen  to  be  the  length  of  a  minute  of  arc  of  the  great  circle. 
MimtAn  of  a  great  eirde  are  usually  oaUed  MutietS  miles,  or  simply  miles. 
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PlAQe  sailing  isjosnally  defined  to  be  the  ait  of  navigatiog  a  ahip 
on  the  tnppontion  that  the  earth  fe  a  plane.  This  definition  is 
erroneous  in  the  extreme:  in  all  sailings  the  earth  is  regarded  as 
what  it  really  is— a  sphere.  All  problems  which  involre  only  the 
oonrse  sailed  by  a  ship,  the  distance  made  good,  the  difference  of 
latitude,  and  another  term  called  the  departore  which  will  be  presently 
explained,  are  solved  by  the  methods  proper  to  right-angled  plane 
triangles. 

Ab  a  ship  proceeds  from  one  place  to  another,  as  from  A  to  IF  (Fig.  13),  at 
successive  points  she  makes  good  a  certain  distance  in  the  direction  of  the 
meridian,  and  a  certain  distance  perpendicular  to  this.  The  distance  sailed 
may  then  be  resolved  into  two  component  distances  in  these  several 
directions. 

It  is  evident  that  in  sailing  from  A  to  F  (Fig.  1 3)  the  distance  made  good  in 
the  direction  of  the  meridian,  1.0.,  North  or  South,  is  the  difference  of  latitude 
of  the  two  places — ^A  0 ;  but  the  distance  mac^e  good  perpendicular  to  the 
meridians  is  not  so  easily  perceived,  since  at  every  successive  moment  it  is 
reckoned  (except  the  course  is  East  or  West)  on  the  arcs  of  small  circles 
constantly  varying  in  magnitude.  The  element  we  are  considering  is  called 
the  departure^  and  is  arrived  at  as  follows : 

On  the  rhumb  curve  A  F  joining  the  two  places  A  and  F  take  a  number  of 
points  equidistant  from  one  another,  commencing  at  A,  B,  C,  ftc.,  through 
these  draw  the  meridians  FBY,  PCW,  FDX,  &c.,  and  so  dose  together 
that  the  intercepted  portions  AB,  BC,  CD,  &c.,  may  be  regarded  as  straight 
lines :  draw  arcs  of  parallels  of  latitude  from  each  point  to  the  adjacent 
meridians  B  H,  0 1,  D  K,  &c. 

Fig.  13. 


V  ^ 
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Now  AB  4-  BO  +  OD  +  &o.,  is  fhe  distance  sailed  from  A  toFon  the 
eoQJse  H  A  B  ;andAH  +  BI  +  CK  +  &o.,  is  the  difference  of  latitude  A  0 
between  A,  the  place  left,  and  F  the  place  arrived  at.  Then  if  the  points 
BH,  dy  DK  be  taken  indefinitely  nedLX  each  other,  the  sum  of  all  these  intercepts, 
or  arcs  of  parallels  of  latitude,  will  be  the  distance  made  good  perpendicular 
to  all  the  intermediate  meridians  in  passing  from  A  to  F  corresponding  to 
the  sab-divisions  of  the  rhumb  line,  and  is  called  in  nautical  language  the 
iipartwre. 

Fig.  14.  _  Let  now  a  right-angled  plane  triangle,  similar  to  the 
little  right-angled  triangle  AHB,  be  constructed,  that 
is,  a  right-angled  triangle,  in  which  A  is  the  angle  of 
the  course,  and  let  the  hypothenuse  A  B  represent  the 
distance  sailed,  that  is,  the  length  of  A  F  on  the  globe ; 
then  it  is  obvious  that  the  perpendicular  A  0  will  repre- 
sent the  difference  of  latitude  A  0 ;  while  the  base  0  B 
— ^the  side  opposite  the  course — will  represent  the  sum 
of  all  the  departures,  HB,  10,  KD,.  &c.,  from  the  suc- 
cessive meridians  it  crosses.  This  lengUi  OB  is  called 
the  d&partmre  made  by  the  ship  in  sailing  from  A  to  F : 
there  is  no  line  corresponding  to  it  on  the  globe.* 

In  most  cases  which  practically  present  themselves  an  approximation  to 
the  departoxe  may  be  used,  and  it  is  obtained  from  a  very  simple  considera- 
tion. If  in  the  last  figure  we  draw  the  arc  of  parallels  between  the  meridians 
of  A  and  F,  AN  in  the  latitude  of  A,  FO  in  the  latitude  of  F,  it  is  evident 
that  the  departure  between  A  and  F  is  less  than  An'  and  greater  than  F  0. 
Bisect  AC  in  m  and  draw  mn  the  arc  of  the  parallel  between  the  meridians 
of  A  and  F ;  then  this  are  mn  is  an  approximation  generally  to  the  departure. 
It k  evidffiily  only  aa  approximation  as  in  the  part  of  the  figure  AOFN 
belween  m%  and  OF  adjacent  to  the  pole,  the  meridians  increase  their  in- 
clination to  each  other  more  rapidly  than  in  the  othw  part  between  mn  and 


*  The  ilglii-aiigldd  triangle  comznonly  emploved  in  the  solotion  of  ptoblema  in  plane 
saOing  is  merely  a  geometriral  interpretation  of  the  equation 

Difference  of  latitude  =  dietanoe  X  ooaine  course. 

Thw^  if  AS  is  a  line  as  long  as  the  rhumb  curve  AF  (Fi^ .  13),  and  A  be  equal  to  the 

oouse,  A  0  must  be  equal  to  ue  difference  of  latitude  lor  it  is  equal  to 

Distanoe  X  cosine  course, 

^diioh  is  the  neoeesary  condition  given  by  consideration  of  the  sphere^  B  0  is  a  oonsequenoe 
of  this  ffeometriosl  interpretation,  and  has  no  direct  counterpart  on  the  sphere— it  is  in  fact 
an  artiioial  line,  the  employment  of  which  in  the  necessary  calculations  is,  however,  of 
neat  utility.  It  must  not  be  supposed  that  the  angle  can  be  looked  upon  as  a  chart.  The 
Bne  AB  does  not  lepresent  the  track  actually  sailed  over  by  a  ship,  nor  does  the  point  B 
repnsent  the  position  she  arriyes  at  at  the  end  of  her  run  upon  the  course  represented  by 
A.  The  parts  of  the  triangle  represent  truly  what  has  been  stated  and  nothing  more. 
It  b  sometimes  stated  that  so  &r  as  the  dist.,  diff.  lat.,  dep.,  and  course  are  concerned  "tiie 
results  are  just  the  same  as  they  would  be  if  the  ship  were  to  sail  on  a  plane  surface  instead 
<tf  on  a  spherical  surface,"  but  such  is  not  the  case :  for  if  the  earth  were  a  plane,  and  if  B 
represented  the  position  of  the  ship  at  the  commencement  of  the  run,  A  would  represent  the 
position  of  the  ship  at  the  end,  which  in  consequence  of  the  earth  being  spherical  it  does 
noC,lhetruepositionat  theendof  therun  bein^  tothe  left  of  A,  if  B  and  A  are  both  north 
ef>^sipMitsri 
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A  N  adjacent  to  the  equator.  This  is,  however,  only  applicable  when  the  two 
places  Ue  on  the  same  Bide  of  the  equator ;  the  method  has  to  be  modified 
when  the  two  latitudes  have  different  names. 

When  the  places  A  and  F  are  on  different  sides  of  the  equator  the  middle 
latitude  fails  to  give  an  arc  of  a  parallel  which  is  an  approximation  to  the 
departure. 

Fig.  15. 


Let  the  rhumb  line  A  F  (Fig.  15)  cut  the  equator  in  /,  and  let  11 A  be  the , 
arc  of  the  parallel  of  the  half  latitude  of  A  intercepted  between  the  meridians 
of  A  and  l^  and  n'  h  the  arc  of  the  parallel  of  the  half  latitude  A  intercepted 
between  the  meridians  of  F  and  /.    Then 

f>A  is  an  approximation  to  the  departure  in  sailing  from  A  to  /. 
andA'n'  „  ,,  /toF. 

.•.iiA  +  *;n'        „  „  AtoF. 

Beparture.  The  Departure  is  the  distance,  in  nautical  miles,  made 

good  due  east  or  west  in  sailing  on  a  rhumb  line,  and  is 
marked  east  (E.)  or  west  (W.),  according  as  it  is  made 
towards  the  east  or  west,  and  such  departure  is  expressed 
in  miles  and  not,  like  longitude,  in  arc. 

If  a  number  of  points  be  taken  on  the  distance  indefi- 
nitely near  to  one  another,  with  meridians  drawn  through 
each  of  these  points,  the  sum  of  all  the  arcs  of  parallels  of 
latitude  drawn  through  the  points  and  intercepted  between 
the  meridians  is  called  the  departure. 

Parallel  Sailing.      When  a  ship  sails  due  East  or  West,  her  track  is  on  a 
parallel  of  latitude  and  the  case  is  one  of  JParallel  Sailing 
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Middle  Latitade.  The  Middle  Zalilude  between  two  places  is  the  latitude  of 
the  parallel  of  which  the  arc  intercepted  between  the 
meridians  of  these  places  is  equal  to  the  departure, 

When  the  two  places  lie  on  the  same  side  of  the  equator 
the  middle  latitude  is  the  latitude  of  &e  parallel  passing 
midway  between  them :  its  value  is  therefore  half  ^e  sum 
of  the  latitudes  of  the  two  places,  but  if  the  two  latitudes 
have  different  names  the  simple  middle  latitude  is  replaced 
by  the  two  half  latitudes  of  each  of  the  places. 

By  a  property  of  the  sphere  we  know  that  the  arc  of  a 
parallel  of  latitude  included  between  two  meridians  is  equal 
to  the  arc  of  the  equator,  included  by  them,  multiplied  by 
the  cosine  of  the  latitude. 

If  we  take  the  arc  of  middle  latitude  as  representing  the 
departure,  this  gives  us 

dep.  =  diff.  long.  X  cos.  mid.  lat. 

Meroator's  Chart  Mereahr^e  Chart  is  a  projection  of  the  globe  upon  a 
plane  surface  according  to  certain  mathematical  principles. 
All  the  meridians  are  represented  by  parallel  straight  lines 
meeting  the  parallels  of  latitude,  which  are  also  represented 
as  straight  lines,  at  right*angles.  The  distance  between 
the  meridians  are  made  the  same  in  all  latitudes  and  every* 
where  equal  to  the  difference  of  longitude ;  the  degrees  of 
latitude  increase  in  length  from  the  equator  to  the  pole  in 
the  same  proportion  as  the  degrees  of  longitude  decrease 
on  the  globe.  That  which  constitutes  the  chief  value  of 
Mercator's  Chart  for  the  purpose  of  navigation  is  that  the 
angle  which  a  straight  line  joining  any  two  places  on  the  chart 
maikes  with  the  meridian^  is  equal  to  that  which  the  rhumb  line 
joining  the  same  two  places  an  the  globe  makes  with  the  meridian* 

Keridional  Parts.     At  the  equator  a  degree  of  longitude  is  equal  to  a  degree 
of  latitude ;  but  as  we  approach  the  poles,  while  (upon,  the^ 
-  supposition  that  the  earth  is  a  sphere),  the  degrees  of; 
latitude  remain  the  same,  the  degrees  of  longitude  become"' 
less  and  less.    In  the  chart  on  Mercator's  prqjecti6iL  the 
degrees  of  longitude  are  made  everywhere  the  same  lengthy  I 
and,  therefore,  to  preserve  the  propqrtion  th^t  eziate  atl^ 
every  part  of  the  earth's  surface  between,  the  degrees  pf 
latitude  and  the  degrees  of  longitude,  the  former  must  be 
increased  from  their  natural  lengths  more  and  more  as  we'^ 
recede  from  the  equator.    The  lengths  of  small  portions.^' 
of  the  meridians  thus  increased,  expressed  in  minutes  of  ^ 
-   -     -  theequator,  are  caUed  meridional  parts;  and  the  mfrf^i<ifu 

parts  for  any  latitude  is  the  line  ezprcuBSed  ill  Aiiilut^s  C<>f^ 
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the  equator)  into  which  the  latitude  is  thus  expanded* 
Tables  of  The  meridional  parts  computed  for  every  minute  of  latitude 

Keridional  Farts,  from  o®  to  90®  form  the  Tahle  of  Meridional  Parti^  which  is 
chiefly  used  for  finding  the  meridional  difference  of  latitude 
in  solving  problems  in  Mercator's  sailing,  and  for  con- 
struoting  charts  on  Mercator's  projection. 

Keridional  Th$  Meridional  Difference  of  Latitude  is  the  quantity  which 

Difference  of         bears  the  same  ratio  to  the  difference  of  latitude  that  the 

Latitude,  difference  of  longitude  bears  to  the  departure.    It  is  the 

projection  of  the  difference  of  latitude  on  the  Mercator's 

chart,  and  takes  its  name  from  the  meridional  parts,  by 

the  use  of  a  table  of  which  parts  it  is  found. 

Keroator's  Mereat^r^e  Sailing  is  the  solution  of  the  problems  of 

Sailing.  navigation  by  means  of  &e  Table  of  Meridional  Parte,  and 

the  chart  constructed  by  means  of  it  called  Mereator'e  Chart. 
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Let  AF  represent  the  projected  points  A  and  F  of  the  globe,  Fig.  13,  then 
AO  is  the  projected  or  meridional  difference  of  latitude,  and  OF  or  UZ  the 
differenee  of  longitude. 

A  0  is  composed  of  the  elementaiy  parts  of  the  proper  difference  of  latitude 
inoreased  in  the  ratio  of  the  secant  of  the  latitudes,  and  is  called  the  meridional 
diffeienee  of  latitude. 

The  intermediate  meridian  distances  are  increased  in  the  same  ratio,  and 
as  each  is  thus  made  equal  to  the  corresponding  difference  of  longitude,  their 
sum  is  equal  to  the  whole  difference  of  longitude  0  F,  which  therefore  exceeds 
the  sum  of  the  intermediate  meridian  distances  on  the  globe,  in  the  same 
ratio  fhat  the  sum  of  the  meridional  differences  of  latitude  exceeds  the  proper 
differenpe  of  l|^titude« 
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The  Meridians  being  represented  as  parallel  straight  lines,  since  the 
angles  OAB,  ftc.,  which  represent  the  course  are  equaly  the  rhumb  lin» 
becomes  a  straight  line. 

Departure  The  Departure  Course  is  the  course  which  a  ship  would 

Coune.  have  made  had  she  sailed  from  a  particular  point  or  head* 

land,  the  bearing  of  which  is  taken  before  losing  sight  of 

land. 

Leeway.  Leeway  is  the  angle  which  the  ship^s  wake  makes  with 

her  keel. 

Magnetic  The  Magnetic  Meridian  is  the  direction  of  the  Oompass 

Meridian.  Needle  when  it  is  unaffected  by  any  local  disturbing  force. 

The  Magnetio  Meridian  of  a  place  it  the  rertioal  piano  passing  at 
this  place  throagh  the  two  poles  of  a  moTeable  magnetio  needle  in 
eqaillibrium  about  a  rertical  axis. 

Variation.  The  Variation  of  the  Compass  (called  in  sdentifio  works 

the  Declination  of  the  needle)  is  the  angle  which  the  mag- 
netic needle,  under  the  influence  of  terrestrial  magnetism 
only,  makes  with  the  meridian. 

Deviation.  The  Deviation  of  the  compass  is  the  angle  between  the 

magnetic  meridian  and  the  direction  of  the  compass  needle 
and  represents  the  effect  of  the  disturbing  force  of  iron 
near  it. 

Compass  Error.  The  JError  of  the  Compass  is  the  angle  between  the  meri- 
dian of  the  j^lace  and  th^  dix^eCtion  6£  tiaSe  eoinpasii  needle. 

IMp  of  the  The  Dip  of  the  Needle  (called  in  scientific  works  the 

Veedle.  Inclination)  is  the  angle  between  a  freely  suspended  mag- 

netised needle  and  the  horizontal  plane  through  the  point 
of  suspension. 

True  Course  The  True  Course  Steered  is  the  angle  contained  by  the 

Steered.  meridian  and  the  direction  of  the  ship's  keel. 

Magnetic  Course      The  Magnetio  Course  Steered  is  the  angle  contained  by 
Steered.  the  magnetic  meridian  and  the  direction  of  the  ship's  keel. 

Compass  Course       The  Compass  Course  Steered  is  the  angle  contained  by  the 
Steered.  direction  of  the  compass  needle  and  the  direction  of  the 

ship's  keel. 

Course  Made  The  Course  Made  Good  is  the  angle  included  between  the 

Good.  meridian  and  the  rhumb  line  passing  through  flie  place 

left,  and  the  position  arrived  at. 

True  Bearing.  The  True  Bearing  of  an  object  or  place  is  the  angle  con<* 

tained  between  the  meridian  and  the  vertical  plane  which 
passes  through  the  object  and  the  observer. 

Magnetio  Bearing.  The  Magnetic  Bearing  or  Correct  Magnetic  Bearing  of  an 
object  is  the  angle  which  its  direction  makes  with  the 
magnetic  meridian. 
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Vt  o  Bt  is  the  Meridian  of  the  ^lace  or  North  and  South  line  of  the  horizon. 

Nm  o  Sm  is  the  Magnetic  Meridian,  «.d.,  the  direction  of  Magnetic  Needle^ 
or  the  North  and  South  line  of  the  Compass  Card  when  it  is  influenced  only 
by  Terrestrial  Magnetism. 

N0  o  Stf  is  the  Direction  of  the  Needle  in  its  position  on  board  ship  when 
under  the  attraction  of  iron  in  its  vicinity. 

N^  o  Nm  is  the  Variation  (west  in  the  figure). 

Nm  o  N0  is  the  Deviation  (east  in  the  figure). 

N^  o  Ntf  is  the  Compass  Error. 

N^  o  K  is  the  True  Course  steered. 

Nffi  o  K  is  the  Magnetic  Course  steered. 

Ntf  o  K  is  the  Compass  Course  steered. 

D  0  K  is  the  Leeway. 

N^  o  D  is  the  True  Course  made  good. 

Nffi  o  D  is  the  Magnetic  Course  made  good. 
'   Ntf  o  D  is  the  Compass  Course  made  good. 

N^  o  X  is  the  True  Bearing  of  X. 

N01  o  X  is  the  Magnetic  Bearing  of  X. 

Ne  o  X  is  the  Compass  Bearing  of  X. 

If  a  ship  is  sailing  on  a  rhumb  o  N« 

N^  o  N«  is  the  True  Course. 

N0  o  N«  the  Compass  Course  (so  far  as  the  instrumental  corrections  go). 
rNeo  Ny  the  Compass  Course  made  good. 

N«  o  N^  the  Leeway. 
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The  Oorrect  Magnetic  Bearing  is  the  bearing  which  is 
observed  with  the  Azimuth  Compass  after  being  corrected 
for  deviation ;  from  it  the  true  hearing  is  deduced  by  ap- 
plying the  correction  for  variation. 

A  correct  magnetic  bearing,  as  given  in  '^  sailing  direc- 
tions "  and  on  charts,  is  the  correct  magnetic  bearing  in 
respect  to  a  compass  not  affected  with  deviation. 

Compass  Bearing.  The  Oompase  Bearing  of  an  object  is  the  angle  contained 
by  the  direction  of  the  compass  needle,  and  the  great  circle 
which  passes  through  the  object  and  the  observer,  it  is 
therefore  affected  by  deviation  and  variation.  If  the 
correction  for  deviation  is  applied  it  becomes  the  correct 
magnetic  bearing;  and  if,  further,  the  correction  for  varia- 
tion be  applied,  the  true  bearing  or  azimuth  is  deduced. 

Taking  a  bearingof  an  object  is  technically  called  ^^eetting 
the  ohfect." 

Cross  Bearings,  Crass  Bearings  are  the  bearings  of  the  objects  taken  from 
the  same  place;  the  intersection  of  the  lines  of  bearing 
fixing  the  point  of  observation  on  the  chart. 

Before  the  introdncUon  of  snob  large  quantities  of  iron  into  the  construction  and  cqaip- 
ment  of  steamen  and  iron  Bailing  ships,  bearings  and  courses  were  deemed  to  be  sufficiently 
wbU  defined  when  spoken  of  as  true  and  magnetic— the  latter  qualifying  term  being  used 
amply  to  indicate  the  dhtotion  bjf  eompasa  a»  efficted  hy  variaii&n  onlpy  according  to  the  locality. 
But  on  board  an  iron  ship  compass  bearings  and  compass  courses  though  magnetio—inas- 
mnch  as  they  are  the  indications  of  a  magnetic  needle^are  no  longer  such  in  the  old  sense 
of  the  term,  since  they  are  affected  by  deviation.  Under  these  circumstances  it  has  been 
found  necessary,  especially  in  respect  to  this  class  of  ships,  to  adopt  a  modification  of  the 
old  nomenclature,  and  so  "bearing"  or  "course'*  admits  of  an  additional  qualifyiog  term 
not  preriously  recognised,  vie.,  correct  magnetic. 
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83>  DiF. — The  latitude  and  longitude  of  the  place  left  are  called  the 
latitude  from  and  longitude  from ;  the  latitude  and  longitude  of  the  place 
arrived  at  are  called  the  latitude  in  and  longitude  in, 

84.  Given  the  latitude  firom  and  latitude  in  or  to^  to  find  the  true  difference 
of  latitude. 

To  find  the  difference  of  latitude.    (For  definition,  &c.,  see  page  65.) 

BULE  XXIV. 

i"".  When  the  latitudes  have  like  namea-^ Subtract  the  lees  latitude 
from  the  greater ,  and  mvUiply  the  degrees  in  the  remainder  hg  60,  adding  in  the 
minutes.    The  result  is  the  true  difierenoe  of  latitude. 

z"".  When  the  latitudes  have  unlike  names— Tcrib  the  sum  of  the  two 
latitudes,  reduce  it  to  minutes.    The  result  is  the  true  difPerenoe  of  latitude. 

f.  To  name  the  diff.  lat.— 77*  the  latitude  to  i«  North  ff  the  latitude  from, 
mark  the  diff.  of  latitude  North  (N.) ;  hut  if  latitude  to  is  South  of  latitude  from^ 
mark  diff.  latitude  South  (S.) 

NoTB.— In  naming  the  D.  lat.,  bince  la',  is  reikonol  from  the  Eqnator  (lat  o^)  towards 
the  Poles  (lat.  90^  N.  or  S.)}  it  follows  th^tt  when  a  ship  sails  from  a  low  to  a  higher  lat  (of 
iiks  names)  the  D.  lat.  mast  be  of  the  tains  name  as  the  lat.  in ;  and  when  she  sails  from  a 
hiff/ier  !o  a  lower  lat.  (of  like  namoi)  the  D.  lit.  made  must  be  of  a  different  name  to  the  lat, 
in.  But  when  the  ship  cros^is  the  Equator  t'  e  D.  lat.  will  be  N.  to  pass  from  South  to 
Korih  lat.,  and  S.  to  pass  from  the  Northern  to  the  Southern  hemisphere. 

Examples. 


Ex.  I.  Find  the  diff.  of  lat.  between 
Tynemoath  Light,  in  lat.  55^  i'  N.,  and 
the  Naze  of  Norway,  in  lat.  57*  5S'  N. 

Lat.  Tynemouth  55**  I'N. 
Lat.  Naze  57  5*  N. 

»  57 
60 

T^N. 

The  lat.  from  (Tynemouth)  and  lat.  to  fNaee) 
being  of  the  «a»M  name,  that  is,  both  North,  the 
'  difference  of  them  is  taken  for  the  diff.  lat.,  and 
ftinoe  we  hare  to  pass  from  a  lower  North  lat.  to  a 
hiffhdr— the  lat.  to  being:  North  of  the  lat.  >yom— the 
diff.  lat  is  marked  North  (N.) 


Ex.  2.  A  ship  from  lat  32*  40'  N.,  sails 
to  lat  30°  47'  N. :  what  is  the  diff.  of  lat 
madeP 

Lat  from  32^40'  N. 
Lat.  to      20  47  N. 

60 

D.lat.       713  S. 

The  shin  here  passes  from  a  higher  N.  lat  to  a 
lower  N.  lat.— the  lat.  to  being  South  of  lat,  from 
—and  to  do  60  must  eridently  sail  8, :  whence  we 
mark  diff.  lat.  S. 
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Ez.  J.  Required  the  diff.  of  lat.  between 
Gape  Formosa,  in  lat.  4^  15'  K.,  and  St. 
Helena,  in  lat.  15^*  55'  S. 

IiAt  C.  Formofa  4^15'  N. 

Lit.  St.  Helena  15  ss  S.  * 


ao  10 
60 


D.  lat.    1 110  S. 

The  lat.  from  (C.  Fonnosa)  is  Jforth,  and  thft  lat. 
to  (St.  Helena)  ia  South,  it  la  OTident  tiutt  the  ship 
most  sail  Soutii  ia  order  to  paM  from  Norlh  laL  into 
Sonth;  vh^nce  we  put  South  (8.)  to  the  diff.  of 
lat. 

£z.  5.    A  sliip  from  lat.  50*'  S.  arrives  in 
lat«  4r  29'  S. :  what  is  the  diff.  of  lat  F 
Lat.  from  50**  o'  S. 
Lat  in      45  ^9  S. 

D.  lat     4  31  =  271  N. 

Here  the  ship  pasaea  from  a  higher  to  a  lower  3. 
latk,  and  to  do  so  must  evidently  sail  N. ;  whence 
the  diiL  lat.  it  maiked  K. 


Ex.  4.  Bt.qaired  the  diff.  of  lat  betw^  en 
Port  Katal,  in  lat.  39^  53'  S.,  and  Akyab, 
in  lat.  ao'*  8'  N. 

Lat.  Port  NaUl  29*53' 8. 
Lat.  Akyab         30    S  K. 

60 

D.lat     3001  N. 

As  Port  Natal  is  in  S.  hemisphere  and  Akyab  U 
in  the  N.  hemi  sphere,  tj  pass  frum  the  former  into 
the  latter  the  ship  muit  sail  K, 


El.  6.     A  ship  from  lat.   13*  45'  S., 
arrives  in  lat.  26*  15'  S. :  required  diff.  lat. 
Lat.  from  13®45'S. 
Lat.  in      26  15  8. 

12  30  =  7508. 

Here  the  ship  pas  ;es  from  a  loicer  to  a  higher  S. 
lat ,  and  to  do  so  muit  eridentlv  sail  8. :  whence  S. 
is  marked  against  tho  diff.  of  lat. 


(a)    When  one  of  the  places  has  no  latitude,  or  is  on  the  Equator,  the 
latitude  of  the  other  place  is  equal  to  the  dififorence  of  latitude. 


Bz.  7.  A  shi^  from  a  place  A,  lat.  o, 
is  boond  to  a  plaice  B,  Ut.  35°  S. :  required 
the  diff.  lat. 

Since  lat  is  reckoned  from  the  Equator 
Ui.  o<*  (N.  or  8.},  to  pass  from  o*"  to  35*  8., 
the sbipmuat  eyidently  sail  8. ;  whence  the 
lat.  of  B  (25^}  is  diff.  of  lat.  and  is  marked 


Ez.  8.  A  ship  from  a  place  A,  in  lat.  10* 
K.,  arrives  at  a  place  B,  in  lat.  0°:  re- 
quired the  diff.  lat.  made. 

One  place  heing  on  the  Equator,  and  the 
other  in  10''  N.,  the  diff.  of  lat  is  eyidently 
10^  or  600',  and  is  named  8.,  because  it  is 
evident  the  ship  must  sail  South  to  pass 
from  ID*  N.  to  o*»  N. 


FiYAMFT.Hfl  FOB  F&AOTIOK. 

Bequired  the  difference  of  latitude  between  the  place  A  and  the  place  B 
in  each  of  the  following  examples  :^ 


I.    Lat.  A  55«  o'N. 
B  5g  23  N. 

4.    lAt  A    3  4>  S. 

B    I  4S  K. 

7.    Lat  A  10  10  N. 
Boo 


Lat  A  50^38' N. 
B  42  48  N. 

Lat.  A  13  15  8. 
Boo 

Lit.  A  49  5a  8. 
B  43  13  8. 


Lit  A  58^34' 8. 
B  63  17  8. 

Lat  A    o    o 
B    3  37  8. 

Lat.  A    o  17  8. 

B     I  17  N. 


SS.  To  find  the  meridional  difference  of  latitude,  having  given 
the  latitude  from  and  latitude  in.    (For  definition,  see  page  74.) 

RULE  XXV. 

lih  the  mmdional  parti  for[ih$  two  latitudes  from  the  Table  of  Meridional 
Parte:  take  (ha  difference  if  the  latiiudee  are  of  the  same  name,  but  their  sum  if 
ika  namee  aire  unlike. 

The  reeult  is  tl^e  meridional  difEerence  of  Utitude, 
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Prdiminary  JRuhs  in  Napi^ation, 


Ex.  I.    Lat.  A  49*  lo'  N.,  lat.  B  2f  40' 
N. :  fiad  the  mer.  difi.  of  lat. 

Lat  A  49°  f  o'  N.    M.  parta  3397 
B  27  40  N.         „         1729 


EXAMPLBS. 

Ex.  2.     Lat.  left  49*  58'  8.,  and  lat. 
bouid  lo  $1^  42'  8. :  find  mer.  diff.  of  lat. 

Lat.  left  49^58'  8.    M.  pirts  347 1 
Lit.  to    32  43  8.         „       3078 


Mer.  d.  lat.    1668 

Ex.  3.    Lat.  left  39"  53'  8.,  and  lit.  to 
20°  8  N. :  rcqaired  mer.  diff.  of  lat. 

Lat.  left  29^53'  8.    M.  parU  1880 
Lat.  to    20   .8  N.         „        123^ 


Mer.  d.  lat.    1393 

Ex.  4.    Lat  from  46^  40'  N.,  and  lat  to 
34''  22'  t^. :  find  the  mer.  diff.  of  lat. 

Lat.  left  46^40'  N.    M.  parts  3173 
L'lt.  to    34  22  8.  ,1        2198 


Mer.  d.  lat     3114  | 

Examples  fob  Feactice. 


Mer.  d.  lat    5371 


1.  Lat.  from  34^40'  N.      Lat.  in  33^20'  N, 

2.  „        34  13  8.  „     15  18  K. 

3.  „        49  10  8.  „     52  47  8. 


4.  Lat  from  15^44'  N. 

5.  „  60  30  8. 

6.  ,,  00 


Find  the  meridional  difference  of  latitude  in  each  of  the  following 
examples : 

Latin  4^20*8. 
„  67  10  S. 
„      4  30  N. 

86-  To  find  the  latitude  in,  having  given  the  latitude  from  (left)  and 
true  difference  of  latitude. 

RULE  XXVI. 

i^.  When  the  latitude  from  and  true  difference  of  latitude  have 
a  like  name— To  the  latitudsfrom  add  the  true  difference  0/ latitude  f  turned  into 
degrees,  tninutee,'  and  seconds,  if  necessary  J :  the  sum  will  he  the  latitude  in,  0/ 
the  same  name  as  the  latitude  from. 

2^.  When  the  latitude  from  and  true  difference  of  latitude  have  unlike 
names — Under  the  latitude  from  put  the  true  dijferenoe  of  latitude  fin  degrees  and 
minutes,  if  necessary) :  the  remainder  marked  with  the  name  of  the  greater  is  the 
latitude  in. 

NoTB. — In  order  to  remember  these  Ralojj  observe  that  vhen  a  ship  is  receding  from  the 
Equator  she  is  getting  to  a  greater  latitude,  and  when  approaching  it  to  a  leas.  In  the- 
former  ease  we  add  the  difference  of  la'.itude,  and  in  the  latter  subtract  it. 


EZAHPI.BS. 


Ex.  I.  A  ship  from  a  place  A  in  latitude  54*"  30'  N., 
sails  North  until  the  diff.  lat.  is  135  miles:  find  the 
latitude  in. 

D,  lat.  Lat  froan    54*»  30*  N. 

6,0)135  D.lat.  3  15  N. 

»•  15'  Lat.  in        56  35  N. 


In  this  example  the  ship  being  in  Korth  latitude  and 
having  gone  2^  15'  to  the  North,  has  consequently 
increased  her  distance  from  the  equator;  hence  D.  lar. 
is  added  to  the  lai  left  to  Qnd  the  lat,  m. 


SI 


SB 


a 
J9* 


65' 


54 


SI 


se 


65 


54 
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Ex.  a.  A  sbip  from  a  plaoe  A  in  latitude  31^  50'  8., 
•aiU  North  until  the  diif.  lat.  if  134  miles :  feqnired  the 
kt  airiTedai. 


J).  Lai.  Lat.  from    31*50' 8. 

6,0)13,4  D.  lat.  3  54  N. 

3  54  Lat  in        27  56  8. 


In  thia  eiample  the  ship  was  in  South  latitude  and 
his  made  3®  54'diff.  lat.  to  the  Kortb^  and  oonseqnently 
Beared  the  equator  by  that  number  of  miles,  and 
df'mmiikedher  South  latitude  (tee  Fig.  19). 


Ex.  3.  A  ship  from  a  plaoe  A  in  latitude  a*  25'  N. 
makca  250  miles  diff.  lat.  (sonUdng) :  what  lat.  is  she 
in? 


D.Zat. 
4  «o 


Lat.  from 
D.  lat. 


2-25'N. 

4  10  S. 


Lat.  in        i  45  S. 


In  this  example  the  diff.  lat  4**  10'  South  is  pnaitr 
than  the  lat.  left,  whibh  was  Korth ;  the  ship  has,  there- 
fore^  eroased  the  equator,  and  changed  the  mime  of  her 
kt.  to  South  (see  Fig.  20). 


Ex.  4.    A  ship  leaves  a  plaoe  A  on  the  equator  and 
aaHa  South  120  miles:  what  Ut  is  she  io  P 


D.Ut. 

6,0}I2,0 


Lat.  from    0*  o' 
D.  lat         2    o  S. 


Latin 


2    o  S. 


In  this  example  the  ship  has  made  120  miles  (2^  o'} 
diff.  lat  South,  the  whole  of  whioh  was  from  the  equator 
itself,  and,  therelbre,  the  lat.  arrived  at  is  the  same  as 
the  D.  lat.  (see  Fig.  at). 
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Examples  fob  Pbaotios. 

Find  the  latitude  in  in  each  of  the  following  examples : — 

1.  Lat.  from  3i«>io'N.        D.ldt.i7i'N.        5.    Lat  from    o°rN,        D.lmt.  182'S. 

2.  „        29  38  N.  „      104  8.         6.  „  3  5&  N.  „      238  S, 

3.  n  a  5^  S.  ^      357  N.         7.  „  4  48  S.  „      288  N. 

4.  }>  00  „      168  8.         8.  „        35  25  S.  „      229  8. 

87-    To  find  the  middle  latitude,  having  given  the  latitude  from  and 
latitude  in.    (For  definition  see  page  73.) 

EULE  XXYn. 
The  names  being  supposed  dih^^  that  is»  both  N0rih  or  both  Sauihr^Add 
together  the  two  latitudes,  and  take  half  M#  eum  ;  th^  resuli  ie  the  middU  hHiuie. 
Note.— When  the  names  are  unlike,  the  middle  latitade  (which  is  seldom  required  bnt 
for  obtaining  the  departure)  should  be  found  by  means  of  a  table;  but  in  this  case  it  may 
perhaps  be  as  well  to  avoid  the  use  of  the  middle  latitude  in  any  of  the  common  problems 
of  navigation. 

Examples. 


Sac*  X.    Find  the  mid.  lat.,  having  given 
the  lat.  from  50°  25'  N.,  and  lat  in  47"  ix'  N, 
Lat.  from  5o<'25'N. 
Lat.  in       47  12  K. 


Ex.  a.  Lat.  from  6*  28'  8.,  lat  in  14*50'  8.: 
required  the  mid.  lat. 

Lat  from      6°28'S. 
Lat.  in        14  50  S. 


a)9737  a)2ij[8 

Mid.  lat.    4S48  i  .Uid.lat     10  |» 

EXAXPLXS  FOB  FlEtAOnOB. 

Bequired  the  middle  latitude  in  each  of  the  following  examples  :— 
I.    Lat  from  16*10' 8.     D.lati38'8.  4.    LatA63«53'8.    LatB59°io'S. 

a.  „         I  40  8.         i>       6'  8.  5.       „      s6  10  N.       „      50  15  K. 

3.  „        3^  aa  N".        „       96  8.  6.       „       67  20  9.        „      61  42  8. 

88.  To  find  the  difference  of  longitude,  having  given  thekagituda 
from  and  longitude  to.    (For  definition  see  page  66.) 

EULE  xxvni. 

I^  When  the  longitudes  are  of  the  same  UBxae^TaU  their  difference 
and  reduce  the  eam$  to  minutes,  place  E.  or  W.  against  the  remainder,  according  as 
the  longitude  to  is  JEkst  or  West  of  longitude  from. 

2^  When  the  longitudes  are  of  contrary  names— Ta^  the  sum  of  the 
two  longs.,  which  sum,  if  less  than  1 80'',  is  the  diff.  of  long,,  and  attach  E.  or  W., 
according  as  the  long,  to  is  East  or  West  of  long,  from ;  M  when  the  sum  exceeds 
180°  subtraot  itfirotn  360^  for  the  diff.  of  long,,  and  reduce  the  remainder  thus 
found  to  mimteSf  Maching  to  it  the  contrary  name  to  that  found  in  the  usual 
wag. 

Non.— 8inQe  longitude  is  reckoned  from  the  meridian  of  Greenwioh  (long,  o**)  East  or 
West  to  long.  180*,  it  follows  that  to  pan  from  a  i^  to  a  greater  long,  (hoth  longitudes  of 
Uke  name)  the  D.  long,  must  he  of  the  same  name  as  long,  in ;  aod  to  lail  from  a  greater  to  a 
lest  long,  (both  of  same  name)  the  D.  long,  must  be  of  a  d^fferetU  name  from  the  long.  in. 
But  when  a  ship  has  to  cross  the  meridian  of  Greenwich  the  D.  long,  must  be  East  to  pass 
into  long.  S.  and  Weak  to  pass  into  W.  long.  Also,  when  about  to  cross  the  meridian  of 
il<f,  if  the  ship  is  in  £.  long.,  the  D.  long,  must  be  East  to  pass  into  W.  long. ;  and  if  the 
ship  is  in  W*  long,  the  D,  lony.  most  be  West  to  j/smm  into  E.  lon^* 
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£z.  I.  A  bhip  from  long.  5*  12'  W.  is 
bound  to  m  port  in  long.  90*  W. :  what  diff. 
of  long.  muBt  she  make  P 

liOng^.  from  5**  1 2'  W. 
Long,  to     90    o  W. 

8448 
60 

D.  long.    5088  W. 

Tike  aluB  hne  poaies  from  a  leaf  to  a  grtater  W. 
lon^.;  and  therefore  the  diff.  of  lon^.  mitat  be  W.  to 
do  so— the  long,  to  being  W.  of  long,  from^ 


Ex.  2.  Find  the  diff.  of  long.,  having 
giTOQ  the  long,  from  89*  4s'  W.)  and  long. 
U)79*4>'W. 

Long,  from  89^42' W. 
Long,  to       79  42  W. 


D.  long.        600  E. 

The  long,  to  is  lett  ibxn  long.  Jk-owi-  the  Aip  heie 
passes  fh>m  a  A<^^  W.  long,  to  a  lowers  and  dtA 
wng.  most  be  S.  to  do  so. 


Ex.  3.  A  bhip  from  Cape  Bajoli»  long. 
3^  48'  £.,  is  bonnd  to  C^p«)  Sioie,  in  long. 
5*  51'  E. :  reqntred  the  diff«  of  long. 

Long.  Cape  Bajoli  3^48'  E. 
Long.  Gape  iiicie    5  51  E. 


D.  long. 


*    3 

60 

123  E. 


The  long,  to  (Gape  SIc:e)  is  E.  of  long,  from  (Cape 
Bajoli),  therefore,  diff.  of  long,  is  marked  E.  The 
ahip  must  eridently  sail  £.  to  pass  from  a  low  E. 
famg.  to  a  higher  £.  long. 


Ex.  4.  A  ship  from  long.  165*  E.  is 
honnd  to  a  place  in  lorg.  7  a"  12'  E. :  what 
diff.  of  long,  muat  she  make  f 

Long,  left     165^  •'  E. 
Long,  to        72  12  £• 

92  48 
60 

D.  long.       5568  W. 

The  ship  in  this  example  nails  from  a  gyater  to  a 
iH$  long.  (E.  long  )— the  long,  to  beint?  W.  Of  Ion?. 
U/t—ih^  ditf.  long,  is  therefore  of  a  different  nftqw 
to  the  long.  left. 


Ex.  5.  Required  the  diff.  of  long.,  having 
giTen  the  lorig.  in  12^  20'  E.,  and  long,  to 
»'45'W. 

Long,  in       12^20' E. 
Long,  to         2  45  W. 


15    5 

60 

D.  long.        9^5  W. 

Here  the  long,  to  is  eridently  W.  of  long,  {a,  and 
the  ahip  passes  from  £.  long,  to  W.  long.,  and  in 
order  to  do  so  diflL  long,  must  be  W. 


Ex.  6.  A  ship  from  Tynemonth,  in  long. 
!•  25'  W.,  is  bound  to  long.  7*  i  2'  E. :  re- 
quired the  diff.  of  1<  Bg. 

Long,  from   1^25'  W. 
Long,  to       7  1 2  E. 

D.  long.      S«7  E. 

T^o  ship  hero  is  about  to  cross  the  tftwijiefi  of 
(Jreenvich  (long,  o*)  and  pa>s  from  W.  bng.  to  E. 
long.,  whence  the  difll  of  long  must  be  E.  to  do  so. 


Ex.  7.  Find  the  diff.  long,  hetween  Aca- 
pnlco,  long.  99'  54'  W.,  and  Pellew  Island, 
long.  i34*«i'E. 

Long.  Aeapnlco  99^54*  ^• 

Long.  Pellew  Island        134  21  E. 

BetDg  greater  than  i8o<'         234  15  E. 
it  is  subtracted  from     360    o 


Diff.  of  long,  is 


D.  long. 


"5  45  W. 
60 


7545 


By  going  £•  and  Vf.  from  Greenwich,  the  two 
ylaces  inthis  example  will  baibund  to  bo  a}4^  15' 
aaonder,  but  as  both  plaoes  are  for  our  purpose  upon 
one  eirckt  tlie  smaller  ais  of  the  eiral^jnust  be  taken 
to  ftnd  how  fsr  apart  the  places  Acaputco  aoid  Pellew 
Istead  •■«  sepaittedi  so  that  the  sum  aj^is^  is 
•nbtracted  frmn  360^,  the  whole  ciroumftrence  of  a 
eixcle^  for  the  required  answer. 


Ex.  8.  A  ship  from  long.  177'*  50'  E. 
ariives  in  lonp.  178*  10' W.:  what  diff.  of 
leng.  has  she  made  f 

LoBgJoft  177*^50' E. 

Long,  in  178  10  W. 


Being  greater  than  ISC'* 
it  is  sttbt  meted  from 


Diff  of  long,  is 


D.  long.  240  E. 

The  sbtp  being  in  Bast  k>ng.  and  about  to  cross 
the  meridian  of  180%  the  B.  long,  mu^t  be  East  to 
pass  into  W,  long. 


Digiti: 


zed  by  Google 


PrMmUmv  Muhi  m  IhoiftsUm. 


EZAMPLIS  XOB  PjUOnOB. 

Bequired  the  difference  of  longitude  between  a  place  A  and  a  place  B  in 
each  of  the  following  examplee : — 


I. 

Long. 

A90i9'W. 

Long. 

B4<>29'W. 

7- 

Long.  A  o°5s'  E. 

Long.B  70  3'E. 

2. 

>» 

I  25  W. 

» 

7    2  E. 

8. 

„      40  10  B. 

»>       33  «o  B. 

3- 

M 

6  11  E. 

19 

5  45  W. 

9- 

„    178  30  w. 

„     178  30  E. 

4- 

»> 

0    0 

t> 

420  W. 

10. 

„    176  34  B. 

„     176  34  W. 

5. 

If 

4  20  W. 

»> 

0  10  E. 

II. 

..      3»  3>  W. 

8  43  E. 

6. 

l> 

7     2E. 

»» 

0    0 

12. 

„        5  12  W. 

„      25  "  w 

89.  To  find  the  longitude  in,  haying  given  the  longitude  from  (or* 
left)  and  the  difference  of  longitude. 

BTJLE  XXTX. 

1^  When  the  longitude  from  and  the  difference  of  longitude  hare  like 
names-^jfb  ih9  longit%ii$jTom  add  diff8rene$  of  langUude  fturmd  itUo  i&grees,  if 
neeeuarffj :  the  sum,  if  not  more  than  1 80%  ioUl  he  the  longitude  in,  of  the  same 
name  ae  the  longitude  from ;  but  if  the  sum  exceed  180'',  subtract  it  from  560^ 
and  the  remainder  ie  the  long,  in  and  of  a  eontrary  name  to  long.  from. 

1^  When  the  longitude  left  and  difference  of  longitude  have  nnlike 
tkBXMB-'TTnder  longitude  from  ^  difference  of  longitude  fin  degreee  and 
mimUeSf  if  meeuaryj:  take  the  less/rom  the  greater;  the  remainder,  marked 
with  the  name  of  the  greater,  m  the  longitude  in. 

KoTB.— If  the  ship  is  receding  from  the  fint  meridiui,  her  longitude  is  evidently  getting 
greaitr  ;  if  approaching  it,  Ita. 

EZAMPLIS. 


£z.  I.    A  ship  from  a  place  A  in  long. 
5*^  12'  W.  makea  113  miles  dilF.  long.  West : 


reqoiied  the  long,  arrived  at. 


l>.L<mg. 
M"*3 

»  53 


Long,  from  5°  12'  W. 
D,  long.       I  53  W. 


Long,  in 


7    5 


W. 


In  this  example  the  ship  from  a  place  A  in  W.  long,  has  made  113  miles  di£  long.  WMt 
and,  consequently,  increased  her  We9t  long,  hy  i^  53'  (see  Pig.  22}. 


Ex.  2.  A  ship  from  a  nlaoe  A  in  long. 
2"  30'  B.  makes  330  miles  oiiF.  long.  West : 
find  the  long,  arrived  at 


D.Lang, 
^>o)33>o 

5  30 


Long,  left 
D.  long. 


2»3o'B. 
5  30  W. 


i 


Long,  in      3    o  W. 


Wtst  Long 

1         1==:: 
IkttLang 

B 

A 

In  this  example  the  ship  from  a  place  A  m  long.  2*  30'  E.  has  made  5^  30'  dilT.  long. 
West,  and  thereby  crossed  the  meridian  of  Greenwich,  having  run  from  East  into  West 
longitude  (see  Fig.  23). 
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fix.  3.  A  ship  from  a  pUoe  A  in  long. 
178*  a'  E.  haa  made  298  milea  difl.  long. 
East:  required  the  long.  anriTed  at. 

D.lMkg.       Long,  left      \']V  a'E. 
6,o}29,S         D.  long.  4  58  B. 

4  58       Exceeds  i8o«  183    o  E. 
SuhU  from     360    o 

Long,  in*"    177 T®  ^* 


/7f     /yg     im    m    n$    ir( 


Eobtt  Long 


IX&ttZonff 


In  this  example  the  ship  haa  gone  from  Eist  into  West  longitude,  and  by  crossing  the 
meridian  of  180^  has  changed  the^fMm^  of  her  longitude  from  East  to  West  (eee  Fig.  24). 


Ex.  4-  A  ship  from  a  place  A  in  long. 
174*  4'  W.  makes  797  milea  diffl  long,  to  the 
West:  required  the  longitude  arrired  at. 

^iO)79.7  Long,  from    174*  4' "W. 

D.long.  13  17  W. 

13  17  W.  

Exceeds  186*  187  ai  W. 

8M.  from      360    o 

Long,  in        172  39  E. 

la  this  example  the  ship  has  gone  from 
Weet  long,  to  East,  and  hy  crossing  the 
meridian  of  180°  has  changed  the  name  of 
her  longitude  from  West  to  East. 


Ex.  5.  A  ship  from  a  place  A  on  the 
meridian  of  Qreenwioh  makes  178  miles 
diiF.  long,  to  the  East :  required  the  long.  in. 

6,0)17,8  Long,  from  o*  o' 

I),  long.  a  58  E. 

2  58  

Long,  in  2  58  E. 

In  this  example  the  ship  left  the  meridian 
of  Greenwich,  and  has  siooe  made  2^  58' 
dilE  long,  away  from  it  to  the  East ;  hence 
the  long,  arrived  at  is  equal  to  ttie  diff. 
long. 


Examples  fob  Pbaotioe. 

Beqmred  the  longitade  iiii  or  arriyed  at,  in  each  of  the  following  examples : 

Long,  from  f  48'  W.  D.  long.  1 10'  W. 
o  59  W.       „        137  B. 
29  10  E.         „        114  E. 
3  10  E.         „        220  W. 
2  47  W.       „        242  E. 


3  12  B.         „       237  W. 
13.    I>efine  meridian  of  the  earth,  equa 
great  drdLes,  and  why  P 


7. 

Long,  from  41'  29  W. 

D. 

long. 

139' E. 

8. 

>» 

94    4  E. 

It 

115  W. 

9- 

it 

98  54  B. 

i» 

302  E. 

10. 

}» 

178  13  E. 

tf 

201  £. 

ir. 

f> 

177    6W. 

n 

«37  W. 

12. 

»» 

179  59  W. 

>• 

»  W. 

p,  pa 

rallel  of  latitude.     Which  of  these  are 
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THE  COMPASS. 


90a  The  CompafiS"*  is  simply  an  instrument  which  utilises  the  direc- 
tive power  of  the  magnet.  A  magnetised  bar  of  steel,  apart  from  disturbing 
forces  and  &ee  to  move,  points  in  a  definite  direction,  and  to  this  direction 
all  others  may  be  referred,  and  a  ship  guided  on  any  desired  course. 

There  are  various  adaptations  of  the  instrument,  according  to  tfao  use  it  is 
specially  intended  for.  The  compass  intended  for  use  on  board  ship  is  called 
the  ''  ISariner's  Compass,"  and  according  to  the  purpose  it  is  intended 
for  it  is  named  the  Steering  Compass,  the  standard  Compass,  and 
the  Azimuth  Compass. 

91.  The  Mariner's  Compass  consists  of  a  circular  card,  which  re- 
presents the  horizon  of  the  observer ;  the  circumference  or  edge  of  the  card 
being  divided  according  to  two  systems  of  notation  into  points  and  degrees. 


*  The  origin  of  the  compasi  is  very  obsoare.  The  ancients  were  aware  that  the  loadstone 
attracted  iron,  but  were  igT^^rant  of  its  directing  property.  The  instrument  came  intojuo 
in  Europe  sometime  in  the  coarse  o£  the  thirteenth  century. 
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(1.)  By  Pa&lta>^There  are  32  potntn;  and  each  of  those  diviaiona  is 
again  sub-divided  into  four  parts  called  quarter  poinU.  A  point  of  the  com- 
pass being  therefore  the  32nd  part  of  the  circumference  of  a  circle  is  equal  to 
J 1°  15'.  The  four  principal  points,  or,  as  they  are  called,  the  cardinal  poinU, 
are  the  North  (represented  by  N.),  South  (S.),  East  (E.),  West  (W.),  the 
East  being  to  the  right,  and  West  to  the  left,  when  facing  the  North. 

All  the  points  of  the  Compass  are  called  by  names  composed  of  these  four 
terms. 

.Thus,  the  points  half  way  between  the  cardinal  points  are  called  after  the 
two  adjacent  cardinal  points ;  hence  the  point  midway  between  the  North 
and  East  is  called  North-east,  and  represented  by  N.E. ;  so  midway  between 
South  and  East  is  called  South-east  (written  S.E.) ;  in  like  manner  we  get 
South-west  (written  S.W.),  and  North-west  (written  N.  W.)* 

A  point  half-way  between  one  of  these  last  and  a  cardinal  point  is  called, 
in  like  manner,  by  a  name  composed  of  the  nearest  cardinal  point  and  the 
adjacent  points,  N.E.,  N.W.,  S.E.,  and  8.W.  Thus,  the  point  half-way 
between  N.  and  N.E.  is  called  North-north-east  (written  N.N.E.);  the  point 
between  E.  and  N.E.  is  called  East-north-east  (written  E.N.E.) ;  and  so  we 
have  E.8.E.,  S.S.E.,  S.S.W.,  W.S.W.,  W.N.W.,  and  N.N.W.  The  points 
next  the  eight  principal  points,  namely,  N.,  N.E.,  E.,  S.E.,  S.,  S.W.,  and 
N.W.,  are  named  by  placing  h^  between  the  letter  representing  the  point  to 
which  it  is  adjacent  and  the  next  cardinal  point  in  the  same  direction.  Thus, 
the  point  next  to  N.,  on  the  east  side,  is  called  North  by  East,  %,$.,  North  in 
the  direction  towards  East  (written  N.  by  E.) ;  that  next  N.E.,  towards  the 
North,  is  called  North-east  by  North  (N.E.  by  N.),  i.e.,  North-east  in  the 
direction  towards  North;  and  so  we  have  N.E.  by  E.,  E.  by  N.,  E.  by  S., 
8.B.  by  E.,  S.E.  by  S.,  S.  by  E.,  S.  by  W.,  S.W.  by  8.,  S.W.  by  W., 
W.  by  S.,  W.  by  N.,  N.W.  by  W.,  N.W.  by  N.,  N.  by  W. ;  in  this  manner 
we  get  other  sixteen  points.  We  have  thus  got  names  to  all  the  thirfy-two 
points  of  the  compass. 

Each  point  is  again  sub-divided  into  half  points  and  quarter  points. 

A  half  poinif  which  is  the  middle  division  between  two  points,  is  called 
after  that  one  of  its  adjacent  points  which  is  either  a  cardini^  point  or  is  the 
neareet  to  a  cardinal  point  Thus,  the  middle  division  between  N.  and 
N.  by  E.  is  called  North-Aa(f-east  (written  N.  i  E.]  Half  points  near  N.E., 
N.W.,  S.B.,  and  S.W.,  take  their  name  from  these  points.  Thus  we  say 
N.E.iN.,N.E.byE.  jE.t 

The  same  holds  for  a  quarter  and  for  three-quarters  as  for  a  half  point,  aU 
of  which  are  named  upon  the  same  principle  as  the  subordinate  points. 

*  These  new  direotiont  alio  give  names  to  the  four  qoarters  of  the  compass,  as,  when  we 
say  that  *' the  wind  is  in  the  S.  W.  quarter/'  meaning  thereby  not  exactly  8.W.,  bnt  some- 
where between  8.  and  W. 

t  In  naming  the  half  aod  quarter  points  it  is  advisable  in  some  cases  to  sacrifloe  system 
to  simplicity.  Thus,  for  example,  seamen  oommonly  say  N.N.E.  ^  E.  instead  of  N.E.  by 
N.  i  N. ;  we  do  not,  however,  say  E.N.E.  ^  £.,  though  this  is  simpler  than  E.  by  N.  }  K., 
since  it  is  at  once  seen  to  be  6|  points.  It  would  of  oouise  be  more  systematic,  as  a  matter 
of  |;eometry,  to  reckon  the  half  points  always  from  N.  or  S.,  because  the  ship's  oonrse  is 
lecEoDod  fiom  the  meridian ;  but  on  the  other  hand,  as  a  matter  of  names,  regard  will  be 
M  to  Die  whole  points  betweoo  whlol^  it  hX\»,  and  to  the  order  in  which  these  axe  taken. 
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In  chosing  the  name  to  use  we  most  be  guided  by  circumstances.  In  some 
problems  it  is  convenieot  always  to  reckon  uniformly  from  North  or  South, 
but  generally  the  simpler  name  will  be  the  preferable  one;  and  similarly  for 
quarters  and  three-quarters  of  a  point. 

(2.)  By  Degrees.— The  whole  circumference  is  divided  into  three 
hundred  and  sixty  degrees  (360^),  each  degree  into  sixty  minutes  (60').  This 
furnishes  a  notation  for  the  compass  more  minute  than  points,  half  points, 
and  quarter  points.  We  still  reckon  from  the  cardinal  points :  thus,  to  indi- 
cate a  division  which  has  72^  48'  to  the  East  of  North  we  write  N.  72^  48'  E. 

92.  The  name  of  the  opposite  point  to  any  proposed  point  is  known  at 
once  without  referring  to  the  compass,  by  simply  reversing  the  name  or  the 
letters  which  compose  it— thus,  the  opposite  of  N.  being  S.  and  of  E.  being 
W.,  the  opposite  point  of  N.E.  by  N.  is  at  once  known  to  be  S.W.  by  S.,  the 
opposite  of  W.  i  S.  is  E.  |  N.,  and  so  on. 

93-  Bepeating  the  points  in  any  order  is  called  boxing  the  eompMt ;  to  do 
this  is,  of  course,  one  of  the  first  things  a  seaman  learns. 

94.  As  the  ship's  course,  which  is  sometimes  expressed  in  points  and 
sometimes  in  degrees,  is  always  reckoned  from  the  North  or  South  point,  the 
seaman  has  to  refer  at  once,  in  using  the  Tables,  to  the  number  ofpotnU  or 
degress  in  any  course  given  by  nams.  The  following  table,  which  exhibits  the 
degrees,  minutes,  and  seconds  in  each  quarter  point  of  the  compass  will  be 
convenient  for  reference. 

A  TABLE  OF  THE  ANGLES, 
wbioh  every  Point  and  Quarter  Point  of  the  CompMS  makes  with  the  Xeridiaa. 


KOBTE 

Poiati 

»    4*    « 

PdBtl 

SOVTH 

1  s  n 

N.byB, 

N.byW. 

XI    15     0 

S.  by  E.                S.  by  W. 

M      3    45 
10    5«    30 

19    41    «5 

N.N.E. 

N.N.W. 

aa    30     0 

S.S.B.                   8.S.W. 

S    »8    45 
aS     7    30 
30    56    x5 

N.B.byN. 

N.W.  by  N. 

3    t 

33    45      0 
3«    33    45 

S.E.  by  S. 

S.W.byS. 

39    aa    3© 

4a    11    15 

N.E. 

N.W. 

45      0     0 
47    4«    45 

4    1 

S.B. 

S.W. 

N.E.  by  E. 

N.W.byW. 

50    37    30 
53    a6    15 
56    15      0 

8.E.byE. 

S.W.  by  W. 

5    1 

59      3    45 
§1    5a    30 
64    41    15 

1 

E.K.E. 

W.N.W. 

67    30     0 

6 

E.8.E.                  W.S.W. 

6    i 
0    « 

70    18    45 
73     7    30 
75    56    15 
78    45      0 
V    33    45 
84    aa    30 

E.byN. 

W.  by  N. 

E.byS. 

W.byS. 

7    i 

East. 

Went. 

1' 

87    11    15 

90     0     0 

BMt 

W«rt. 
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9S»  The  card  for  practical  use  is  generally  made  of  mica  covered  with 
paper,  so  as  to  be  as  light  as  possible.  Two  or  more  magnetic  needles,* 
which  are  small  steel  bars  magnetised,  are  fixed  below  the  circular  compass 
card,  but  parallel  with  its  meridional  line,  so  that  the  N.  ends  of  the  needles 
shall  coincide  (in  direction)  with  the  N.  end  of  that  line,  and  the  S.  ends  of 
the  needles  with  the  S.  end  of  the  same  line.  An  inverted  conical  brass 
socket,  called  a  cap,  with  a  hard  stone  in  its  centre,  is  passed  through  a  hole 
in  the  centre  of  the  card,  and  the  whole  is  then  acurately  balanced  on  a 
sharp  centre  or  pivot  rising  from  the  middle  of  a  brass  or  copper  bowl,  and 
sufficiently  large  to  admit  of  the  card  moving  freely  within  it :  the  cover  of 
the  bowl  IB  glass,  which,  while  protecting  the  card  from  wind  and  weather, 
admits  of  its  indications  being  distinctly  seen.  There  is  also  a  vertical  line 
drawn  inside  the  bowl  which  is  called  the  lubber^a  line.  The  bowl,  having  a 
weight  fixed  to  it  below,  is  placed  in  gtmiaht  which  are  brass  hoops  or  rings 
so  arranged  as  to  admit  of  motion  about  two  horizontal  axis  at  right-angles 
to  one  another,  «.«.,  each  turning  upon  two  pivots  at  opposite  points  of  the 
hoop  next  greater  in  size ;  by  this  means  the  loaded  bowl  remains  nearly 
horizontal  during  the  confused  and  irregular  motion  of  the  ship. 

To  the  deck,  in  front  of  the  helmsman*s  position,  a  stand  called  a  JBinnacle 
is  firmly  fixed,  which  may  be  of  any  shape— octagonal,  square,  or  piUar-like 
— sometimes  of  wood,  sometimes  of  brass :  within  it  are  supports  or  bearings 
into  which  the  pivots  or  outer  rings  of  the  compass  bowl  fit,  and  its  moveable 
top  or  cover  is  fitted  with  a  glass  front  and  a  lamp  or  lamps  to  cast  a  light  on 
the  compass  card  by  night.    This  constitutes  the  SUmng  Compau. 

9^m  The  helmsman  steers  the  ship  so  that  a  line  parallel  to  the  keel 
panflftfl  over  the  centre  of  the  card,  and  the  point  prescribed  as  the  course. 
Oare  is  taken  to  place  the  box  so  that  the  lubber^ s  paint  in  the  bowl  and  the 
centre  of  the  card  are  in  a  line  fore-and-aft,  or  parallel  to  the  keel ;  but  as 
the  lubber's  point  deviates  a  little  from  its  proper  position  when  the  ship  is 
heeled  over,  seamen  do  not  implicitly  depend  upon  it,  as  indeed,  the  name 
implies. 

97>  The  Azimutb  CompaflS  is  a  compass  of  superior  construction, 
particularly  adapted  to  observe  bearings.  It  is  mounted  on  a  stand,  and  is 
fitted  with  two  small  frames  carrying  vertical  wires,  called  i%ghUfan$9^  for  the 
purpose  of  observing  objects  elevated  above  the  horizon.  In  one  of  these 
vanes  there  is  a  long  and  very  narrow  slit,  and  in  the  other  is  an  opening  of 
the  same  kind,  but  wider,  and  having  a  wire  up  and  down  the  middle  of  it, 
exactly  opposite  the  slit. 

98*  In  the  best  inodem  instruments,  a  horizontal  ring  is  expressly  pro- 
vided to  cany  the  vertical  wire  frame,  and  instead  of  having  a  wire  next  the 
eye,  a  glass  prism,  acting  by  internal  reflection,  is  placed  there,  so  arranged 
that  one-half  of  the  pupil  of  the  eye  can  observe  the  wire  on  the  further  side 
of  the  horizontal  ring  and  the  distant  object,  and  the  other  half  of  the  pupil 
can  see  the  graduations  of  the  compass  card  by  internal  reflection  in  the 
prism.     This  prism  is  a  solid  piece  of  glass,  whose  sides  are  parallelograms 

•  The  object  of  using  several  magnets  is  to  increase  the  magnetio  momoat  of  a  giTea 
weight  of  steel. 


X 
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and  ends  triangles.  The  compass  card  is  very  carefully  and  minutely  grad- 
uated; besides  the  points  and  quarter  points  being  marked,  the  circumference 
over  which  the  prism  passes  is  graduated  in  degrees,  and  usually  cut  to  every 
2o\  and  this  graduation  is  arranged  so  that  we  may  read  ofP  the  bearing  at 
once,  and  is  reckoned  in  more  ways  than  one,  for  facilitating  taking  bearings 
from  different  cardinal  points.  The  card  can  be  brought  to  rest  by  a  stop. 
There  is  also  a  contrivanoe  for  throwing  the  card  off  its  centre  when  the 
instrument  is  not  in  use,  to  prevent  the  fine  pivot  being  worn,  and  the  sensi- 
bility of  the  compass  impaired.  This  instrument  is  known  as  the  Ftiflmatic 
Aztanuth  Compafis. 

99m  In  observing  bearings  on  board  ship  the  card  should  never  be 
stopped,  but  two  or  more  bearings  being  read  off  as  quickly  as  convenient, 
the  mean  should  be  used ;  for,  as  the  vessel,  and  consequently  the  compass 
card,  have  always  some  motion,  the  card  may  not  therefore  be  stopped 
exactly  in  the  middle  of  its  vibration,  which,  as  it  may  be  supposed  to  vibrate 
equally  on  both  sides  of  the  line  of  direction  of  the  object,  is  essential  to  the 
true  result. 

100*  The  Standard  Compasss  on  board  ship  is  the  one  placed  in  a 
particular  spot  on  deck,  or  above  it.  It*  should  be  placed  in  the  middle  of 
the  ship,  and  fixed  on  a  permanent  and  secure  pillar  or  support,  raised  at 
such  a  height  (not  less  than  5  feet)  as  to  permit  amplitudes  of  the  sun  and 
bearings  of  the  land  to  be  conveniently  observed  by  it.  In  the  royal  navy  it 
is  used  as  an  azimuth  compass,  being  fitted  with  an  azimuth  circle,  which  is 
graduated  so  as  to  show  the  angle  between  the  ship's  head  and  any  heavenly 
body,  as  measured  on  the  horizon  (thus  acting  as  a  dumb  card);  the  sight 
vanes  and  reading  prism  being  fitted  to  the  azimuth  circle  in  such  a  way  as 
to  turn  freely  in  azimuth  without  moving  the  compass  or  disturbing  the  card. 
The  card  of  the  azimuth  compass  should  not  exceisd  7  to  7!^  inches  diameter. 

It  should  also  be  in  a  position  as  far  as  possible  removed  from  any  con- 
siderable mass  of  iron — ^at  least  ^  feet  from  iron  deck  beams — and  shoiUd  not 
be  within  10  feet  of  the  extremity  of  any  elongated  iron  mass,  especially  if 
vertical,  such  as  funnels,  stanchions,  or  the  spindle  of  the  wheel ;  and  it 
should  be  received  as  a  general  rule  that  no  iron  subject  to  occasional 
removal  is  to  be  placed  within  i  ^  feet  of  this  compass,  either  on  the  same 
deck,  or  that  below  it. 

.  But  in  the  mercantile  marine  the  practice  prevails  of  taking  these  bearings 
by  means  of  a  dumb  card,  many  of  which  are  in  use  and  answer  the  purpose 
intended.*  They  can  be  placed  in  any  part  for  observing,  and  the  true 
bearing  of  the  ship's  head  is  determined,  so  that  by  comparing  it  with  the 
bearing  shown  by  the  Standard  Compass  the  deviation  of  the  latter  can  be 
Moertained.  Under  these  circumstances  we  recommend  that  the  only  con- 
sideration for  determining  the  selection  of  a  place  for  the  Standard  Oompass 
should  be  favourable  conditions  connected  with  its  compensation.  The  place 
cliosen  should  be  where  the  deviation  arising  only  from  honsumtdl,  induced, 

*  PerfaHps  tlie  best  and  most  useful  of  th9M  it  the  one  kuQwn  as  Bain  ft  AxmLtx^n 
«« Qomj^  Oorreotor/' 
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and  aubpennanant  magnetiim,  unoe  deTiation  ariamg  fiom  thesa  oansaa 
whoa  oompansated  ia  one  latitttda  will  ramam  so  in  avary  othar. 

Tkera  is  a  yeiy  oommon  error  prevalent  respeoting  the  beat  position  of  tha 
ahip'a  deck  lor  a  compass.  Some  of  the  earliest  writera  lay  it  down  as  an 
axiom  that  on  the  deck  of  all  iron  ships  there  is  a  neutral  point  which  should 
be  sought  out  for  fixing  the  compass.  That  an  apparently  neutral  line  does 
frequently  exist  is  admitted.  But  this  very  point  is  very  frequently  a  moat 
dangerous  position  for  fixing  a  compass.  It  is  neutral  only  when  the  ship  is 
in  the  same  locality. 

101.  Steerios  Compasses  being  placed  according  to  the  require- 
ments of  the  ship,  the  moderate  and  imiform  amount  of  deviation  generally 
attainable  at  the  Standard  Compass  by  selection  of  position,  cannot  always  be 
secured.  Still  we  should  do  the  best  we  can,  for  if,  as  frequently  happens, 
the  steering  wheel  is  placed  near  an  iron  stern-post  or  rudder^head,  and 
frurther  fitted  with  an  iron  spindle — near  which,  of  necessity,  the  steeriDg 
compass  is  fitted — then  large  and  perplexing  deviations  may  be  expected, 
defying  even  approximate  correction  by  magnets,  causing  much  inconvenience 
to  the  helmsman,  and  possibly  a  total  loss  of  the  services  of  the  compass  on 
tlie  ship  proceeding  into  southern  latitudes.* 

The  following  rules  to  avoid  the  inconvenience  and  even  danger  just 
pointed  out,  have  been  recommended  in  selecting  a  place  for  steering  com* 

^  Bridge  Compass.— -Those  who  arrange  for  the  ooastruotion  and  equipment  ot  iron 
ifeeamerfl  onghi  nut  to  loie  «ight  of  the  taoi  that  the  bridge  compass  is  the  most  important 
of  alL  It  is  on  the  bridge  where  the  oflicer  of  the  watch  is  stationed  oo  aU  oooasioiit  when 
caution  is  required,  and  if  the  compass  before  him  is  a  reliable  one  he  is  better  enabled 
to  navigate  the  ship  safely  than  by  a  compass  situated  in  any  other  part.  Yet  many  errors 
are  committed  in  placing  this  compass.  Take  an  iniitaace,  **  where  the  bridge  oompsM  was 
reodered  untrustworthy  from  ihe  yentilator  of  the  engine-room  being  dose  in  front  of  it. 
Two  reasons  were  assigned  for  this.  The  one  was  that  the  bell-mouthed  top  required  to  be 
turned  round  in  order  to  x^ulate  the  amount  oi  veatUatioa^  i|  was  ooaveaieai  ta  have  it 
wi<hin  reach  of  the  bridge.  The  other  was,  that  in  placing  the  bridge  farther  from  the 
Tentilator  a  g^reater  evil  would  be  incurred,  since  it  would  require  that  the  compass  should 
oither  be  brought  nearer  to  ihe  iron  mast  or  nearer  to  the  funnel.  It  was  not  understood 
that  this  ventilator,  small  as  it  was  compared  with  the  mast  or  the  tunnel,  produced  five 
times  as  much  error  as  these  two  combined,  if  placed  equally  near.  The  head  of  the 
ventilator  was  a  blue  pole  by  induction,  and  was  on  a  level  with  the  compass,  and  when  the 
hell-montb,  or  cowJ,  was  turned  towards  (he  stern,  not  two  feet  from  the  compass  on  the 
hridi^e,  it  caused  two  points  of  deviation,  but  when  the  cowl  was  turned  towards  the  bows 
only  a  half  point  of  error  was  proiuced,  and  when  turned  to  the  starboard  or  port  side  other 
oomplicatiODS  resulted  readeriog  the  compass  useless,  because  the  red  pole  of  the  ventilator 
was  M>  tar  distant  as  to  render  no  appreciible  amount  of  repulsion  to  compensate  the  attrac- 
tion of  the  upper  pole.  But  the  tlue  and  red  poles  of  the  maat  and  tunnel  were  situated 
one  above  the  compass  and  the  other  below,  so  as  nearly,  if  not  altoi^ether,  to  compensate 
each  other.  Thus,  bt-ing  ignorant  of  the  laws  which  regulate  deviation,  in  attempting  lo 
avoid  an  imaKined  evil,  a  serious  real  error  was  committed.  Ihis  compass  being  found 
unworthy  of  relianoe  was  removed,  and  the  c/iptain  in  aacending  the  Gulf  of  St.  Lxwrence 
had  continually  to  ref*  r  to  the  Standard  Compass  on  the  declr,  which  in  hasy  weather 
rendered  the  navigation  more  difficult  than  it  would  have  been  had  there  been  a  trustworthy 
bridge  oompaak"  Again,  it  not  uo frequently  happens  that  the  bridge  on  which  the  compass 
■tanda  is  placed  directly  over  the  engine  and  close  against  the  central  iron  stanohioa  which 
sapporta  Uie  rail  running  along  the  bridge,  while  according  to  another  arrangement  the 
compass  stai^ds  oa  a  semioiroular  piece  of  planking  projected  from  the  bridge  forward  with 
the  railing  carried  round  it,  with  perhaps,  as  in  some  instances,  five  and  in  others  four  iron 
stanfihioin  in  close  proximity  to  the  compass,  while  in  other  oases  where  the  circular  space 
is  j  oat  large  enough  tor  the  binnacle  there  may  be  only  three  iron  stanchions,  but  in  all 
these  oaaea  these  iron  stanchions  are  only  a  very  few  inches  from  the  card,  and  the  card 
itself  within  six  inches  of  the  plane  of  the.top  of  the  stanchions.  It  oaaaot  be  a  matter  of 
ffutrriA  that  nb  dep'eodw^  ean  be  plaedd  (to  (^^juiftuntU  (to  plR^^^ 
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passes  :—**  Not  to  be  within  half  the  width  of  the  ship  from  the  stem-post 
or  rudder-head;  the  spindle  of  the  steering  wheel  and  the  foremost  support 
on  which  the  wheel  works  not  to  be  of  iron ;  avoid  vertical  iron."  The  needle 
should  be  at  least  3  ft.  6  in.  from  iron  deck  beams,  and  as  much  higher  as 
can  be  made  conyenient  to  the  helmsman. 

In  addition  to  the  rules  already  given  for  the  guidance  of  seamen,  the 
following  (given  by  Capt.  Eyaks,  Superintendent  of  the  Admiralty  Compass 
Department)  are  worthy  the  attention  of  the  Naval  Architect  and  those 
superintending  the  equipment  of  the  ship : — 

( I .)  In  all  designs  for  the  construction  of  iron  ships,  a  place  to  be  prepared 
for  the  Standard  Compass,  and  to  be  shown  in  the  plan. 

(i.)  The  Standard  Compass  not  to  be  within  half  the  breadth  of  the  ship 
from  the  rudder-head  and  stern-post  or  iron-cased  screw  well,  not  to  be 
nearer  an  iron  deck  or  iron  deck  beams  than  five  feet. 

(3.)  In  ships  built  near  Norths  the  Standard  Compass  to  be  as  ien  forward 
as  the  requirements  of  the  ship  will  permit.  In  ships  built  head  near  South 
to  be  as  far  aft  as  the  requirements  of  the  ship  will  permit,  subject  to  Bule  2. 
In  ships  built  nearly  Bast  or  JFedt,  the  Standard  Compass  not  to  be  near 
either  extremity  of  the  vessel. 

(4.)    To  be  as  far  as  possible  from  transverse  iron  bulkheads. 

(5.)  As  far  as  possible,  no  masses  of  iron — as  boilers,  engines,  bulkheads, 
or  stanchions — should  be  placed  below  the  compass,  or  within  55^  of  the 
vertical  line  through  the  centre,  the  angle  being  drawn  from  the  compass  as 
centre  to  the  centre  of  the  mass  in  question.* 

(6.)  To  the  above  we  would  add,  not  to  be  nearer  the  break  of  the  poop, 
either  before  or  aft,  than  half  the  breadth  of  the  vessel. 

NoTi.--**  Comparative  Xerits  of  Large  and  Small  Compasses.^Of  late  yean,  Oapt. 
EvANB,  B.N.,  states  in  Manual  of  the  Dmaiion  of  the  Compost,  mnch  diversity  in  practice  has 
prevailed  as  to  the  sise  of  oompasses  for  nse  on  board  ship.  The  Admiralty  Standard  Oard, 
for  example,  is  fitted  with  needles,  the  maximum  leng^s  of  which  are  7}  inches,  while  ia 
large  passenger  steam  Tessels  the  needles  are  frequently  12  to  15  inches  and  even  longer. 
The  chief  object  in  the  employment  of  large  compasses  is  to  enable  the  helmsman  to  steer 
to  degrees,  and  a  more  accurate  course  is  presumed  to  be  preserved. 

''With  reference  to  this  increased  size  it  must  be  observed  that  competent  authorities 
limit  the  length  of  efficient  compass  needles  to  5  or  6  inches ;  beyond  this  limit  an  iocrease 
of  length  is  alone  accompanied  by  an  increase  of  directive  power  in  the  same  proportion, 
and  if  the  thickness  of  the  needle  bo  preserved,  the  weight,  and  consequently  the  friction, 
increases  in  the  same  ratio.  No  advantage  of  direotiTe  power  is  therefore  gained  by 
increase  of  length,  but  with  the  increased  weight  of  the  card  and  appendages,  the  increase 

*  Investigation  has  shown  that  the  effect  of  a  sphere  of  iron  within  this  oone  is  prejadicial 
by  diminishmg  the  directive  force  and  increasing  tJie  heeling  error  to  windward— when 
without  the  oone  it  would  be  beneflcial  in  both  respects.    Hence  the  recommendation. 

With  reference  to  the  magnetic  character  of  boilers,  or  tanks,  it  has  been  stated  that  the 
effect  is  the  same  as  if  they  were  solid  bodies,  on  the  assumption  that  magnetism  exists 
entirely  on  the  surface  of  iron  misses.  This  is  not  the  case;  it  is,  howsTer,  true  that  the 
effect  of  hollow  masses  of  iron  increases  very  rapidly  with  the  increase  of  the  thickness  of  the 
iron,  so  that  the  limit  of  thickness  is  speedily  reached  when  the  effect  of  the  body  is  sensibly 
the  same  as  if  it  were  solid ;  for  example,  in  a  tank  4  feet  in  diameter  and  i-ioth  of  an  inch 
thick,  the  effect  is  about }  of  a  solid  mass  of  the  same  size ;  in  a  similar  sised  tank  ^  of  an 
inch  thick,  the  effect  would  be  about  half  that  of  a  solid  mass.  See  a  valuable  investigation 
liy  Mr.  A&csxBALD  Smith,  in  the  Phil.  Trans.  Ibir  1865,  itegM  304-3  >'• 
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of  friction  probably  fiir  exceeds  the  increase  of  directive  force;  slaggishneafl  is  the  reenlt, 
which  ie  farther  exaggerited  by  the  extreme  slowness  of  oscillation  of  long  needles  compared 
with  short  ones. 

"  Large  cards,  howerer  convenient  in  practice,  are  therefore  not  without  danger,  for  the 
oonxae  steered  may  deceive  the  seaman  by  seeming  right  to  the  fraction  of  a  degree,  bat 
which  avails  little  if  the  card  itself  is  wrong  half  a  point,  and  the  ship  in  consequence 
haiarded.  In  the  opinion  of  the  writer,  the  present  Admiralty  Standard  Card  is  as  large  as 
shonld  be  ased  for  the  purposes  of  trnfigation;  and  that  as  regards  safety  in  the  long,  steady, 
and  htx  ship,  the  choice  is  really  between  the  Admiralty  Card  and  a  smaller  one.  In  short, 
the  question  may  be  thus  stated :  the  smaller  a  card  the  more  correctly  it  points,  the  larger 
a  card  the  more  accurately  it  is  read.*' 

102a  There  Ib  no  advantage  in  having  a  large  namber  of  oompasses  in 
a  ship :  since,  unlike  the  mean  results  of  a  number  of  chronometers,  for 
example,  the  mean  results  of  any  number  of  compasses  need  not  necessarily 
be  near  the  truth,  as  they  may  all  be  largely  in  error,  and  that  error  may  be 
all  in  one  direction.  Hence  the  necessity  of  depending  upon  one  compass 
alone,  but  that  compass  should  be  in  the  best  position  in  the  ship,  of  the  best 
maauGEtoture,  and  the  constant  attention  of  the  navigator  should  be  devoted 
to  ascertain  its  errors. 


ADJUSTMENTS  OF  THE  COMPASS. 

103«  (lO  The  direction  of  the  magnetism  of  the  needle  or  the  "mag- 
netic axis"  should  be  in  a  line  along  ih$  middle  of  the  needle  iteel/f  otherwise 
the  needle  will  not  point  with  exactness  to  the  magnetic  North  and  South. 
To  examine  whether  this  is  the  case  reverse  the  needle  on  the  card.  If  after 
this  reversion  the  N.  and  S.  points  of  the  card  are  also  found  to  be  reversed, 
the  adjustment  is  good. 

As  this  error  obviously  affects  all  points  of  the  compass  alike,  it  may  be 
included  in  the  total  variation  of  the  particular  compass  as  found  by  observa* 
tion,  and  therefore  need  not  be  made  the  subject  of  special  examination. 

(2.)  The  pivot  mutt  he  in  the  centre  of  the  graduated  circumference  of  the  card. 
If  it  is  not,  the  difference  of  bearing  of  two  objects  will  not  be  the  same  when 
measured  on  different  parts  of  the  edge.    This  adjustment  is  generally  good. 

(3.}  The  line  joining  the  eye-vane  and  the  ohfect-vane^  called  the  '*line  of  eight " 
of  the  Aaimuth  Compaee^  muet  paee  directly  over  the  pivot  This  condition  is 
exaihined  by  noting  carefully  the  bearing  of  a  distant  object,  and  then  turning 
the  compass  half  round  so  as  to  reverse  the  vane  and  the  slit,  and  then 
repeating  the  observation  with  an  object  eight  points  from  the  first.  The 
bearings  taken  directly  should  be  identical  with  those  taken  by  reversion. 
The  effects  of  this  error,  if  any,  may  be  eliminated  by  taking  the  mean  of  the 
direct  and  reversed  bearings  every  time  the  instrument  is  used. 

(4.)  The  eight  vanee  muet  he  vertical^  i.e.,  the  eye-vane  and  the  ohfect^vane  must 
eexh  be  vertical. 

This  can  be  examined  only  on  shore,  by  observing  whether  the  wires  coin- 
cide through  their  length  with  a  plumb  line,  or  any  vertical  edge.  When 
this  adjustment  is  not  perfect,  or  when  the  bowl  is  not  maintained  in  a  strictly 
horiflontal  position,  bearings  are  most  correctly  obtained  when  the  object  is 
l<fw. 
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CORRECTING    COURSES. 


104*  The  Corrections  of  the  Oompass  are  those  quantities  which 
must  be  applied  to  the  indioations  of  the  instrument  to  obtain  the  reading 
that  would  be  given  if  the  north  point  of  the  compass  card  always  corresponded 
to  the  north  point  of  the  horizon.  Three  corrections  are  sometimes  necessary 
to  be  applied  to  the  course  Steered  by  compass,  to  reduce  it  to  the 
true  course ;  and  the  converse  (see  2)«/r.,  page  7^}.    These  are  called 

1.  The  Leeway. 

2.  The  Variation  of  the  Oompass. 

3.  The  Deviation  of  the  Oompass. 

I.    LEEWAY. 

108-    Bee  definition,  page  75. 

A  ship  is  said  to  be  on  the  port  tack  when  thQ  wind  is  on  her  port 
side,  that  is,  on  the  left-hand  side  of  a  person  looking  forward ;  and  on  the 
Starboard  tack  when  the  wind  is  on  her  starboard  side,  that  is,  on  the 
right-hand  side  of  a  person  looking  forward. 

Leeway  is  not  an  error  of  the  compass,  but  an  error  of  the  course  due  to 
the  direction  and  force  of  the  wind  and  trim  of  the  ship.  When  a  ship  is 
under  sail  and  the  wind  is  blowing  on  her  side  she  is  liable  to  be  pressed  by 
its  force  to  leeward  of  the  course  she  is  endeavouring  to  steer,  that  is^  her 
actual  course  is  to  leeward  of  the  apparent  course  she  is  lying.  The  amount  of 
leeway  differs  in  different  ships;  depending  on  their  construction,  on  the 
sails  set,  the  velocity  forward,  and  other  circumstances.  Experience  and 
observation  are  required  to  judge  what  amount  of  leeway  to  allow  in  each 
case.  The  correction  for  leeway/  is  necessary  to  deduce  the  course  made 
good  from  the  course  Steered,  and  it  is  one  of  the  corrections  to  be 
applied  in  reducing  the  compass  course  to  the  true  course  in  the  Day's  Work. 

Since  the  effect  of  the  wind  is  to  drive  the  ship  to  the  lefi  of  her  intended 
course  when  she  is  on  the  Starloard  tack,  and  to  the  right  of  the  intended 
course  when  she  ia  on  the  Port  tack,  we  have  the  following  JELuleafor  allowing 
the  Leeioay. 

EULE  XXX. 

i"".  When  the  Ship  is  on  the  Starboard  Tack  the  Ueway  must  he 
allowed  to  the  left  of  the  Course  steered. 

a"*.  When  the  Ship  is  on  the  Port  Tack  aUow  the  leeway  toihe  right 
qf  the  Ocrarte  stofored. 
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XzAKFim. 


Ex.  I.  The  course  steered  is  N.W.  by 
W.,  the  wind  K.  by  £.,  leeway  i^  point. 

The  ship  haa  thA  starboard  tacks  aboard ; 
therefore^  the  leeway  (ij  points)  allowed  to 
the  left  of  N.W.  by  W.,  giTes  oorrected 
ONTJi  W.  hy  K.  i  N. 

Ev.  a.  Conrse  N.E.  by  N.,  the  wind 
H.W.  by  N.,  Ihe  leewmy  i  point. 

The  ship  being  on  the  port  taek,  i  point 
to  the  riffhtot  N.E.  by  N.  is  N.B.,  the  cor- 
rected Qmrt$. 


Ex.  s.  Oborse  by  Oompass  8.  by  E.» 
wind  E.  by  S,,  leeway  if  points. 

The  ship  is  on  the  port  tack,  then  a} 
points  allowed  to  the  right  of  8.  by  E.  is 
B.  by  W.  I  W.,  the  Coarse  corrected  for 
leewivy. 

Ex.  4.  Coarse  steered  West,  the  wind 
N.W.  by  N.,  leeway  3I  p^jints. 

The  ship  is  on  the  hUwbtmrd  t&ck,  3I  petnta 
to  the  left  of  West  is  8.W.  i  W.,  the  com- 
pass conrse  made  good. 


106a  The  pointB  of  the  compaos  are  frequently  spoken  of  in  caloulation 
with  reference  to  their  position  to  the  right  or  left  of  the  cardinal  point 
towards  which  the  epeotator,  who  is  supposed  placed  in  the  centre  of  the 
eampaasy  is  looking. 

Supposing  the  given  point  of  the  compass  hare  Iforih  in  it,  the\i  looking 
ftom  the  centn  of  the  card  over  the  cardinal  point  North,  he  has  the  quad- 
rant from  North  to  fiast  on  his  right  hand,  and  the  quadrant  from  North  to 
Weet  on  his  left  hand. 

Henoe  any  point  between  North  and  East  is  said  to  be  to  the  right  of 
North,  and  every  point  between  North  and  West  is  said  to  be  to  the  left  id 
North ;  thus,  N.N.  B.  is  said  to  be  **  two  points  "  to  the  right  of  North  (for 
•hortoess  usually  written  t  pts.  B.  of  N.),  and  W.N.W.  ^'siz  points"  left 
of  North  (written  6  pts.  L.  of  N.) 

Again,  suppose  the  given  point  of  the  compass  to  have  S&tUh  in  it,  then  the 
observer  looking  from  the  centre  of  the  card  and  facing  Southy  has  the  quad- 
rant firom  South  to  Bast  on  the  toft  hand,  and  the  quadrant  from  South  to 
Weet  on  the  right  hand. 

Henoe  any  point  between  the  S.  and  E.  is  said  to  be  to  the  left  of  South, 
and  any  point  between  S.  and  W.  is  said  to  be  to  the  right  oi  South ;  thus 
8.B.  by  S.  is  said  to  be  ''three  points"  to  the  left  of  8.  (for  shortness  written 
3  pts.  L.  of  S.],  and  W.  by  S.  is  '*  seven  points  "  right  of  8.  (usually  written 
7  pts.  B.  of  8.) 

Adopting  this  notation  the  work  in  the  above  examples  will  stand  thus : — 


Sz.  I. 

Osnrse  fleered  N. W.  hjr  W.  is  5  pts.  L  of  N 
Leeway  eanries  ship  ii„  LofN 

Sum  is  corrected  conrse  6^„  LofN 

orW.hy  N.iN. 

Ex.  3. 
CeQiMSteendN.E.by  N.  to  3  pts.  Bof  N 
Lseway  osnies  ^p  1    „   liofN 

~4   »   BefN 

erNX 


EXAXPLSS. 

Ex.  1. 


Conrse  steered  8.  by  E.  to 

Leeway  carries  ship 

The  difference  to 


I   f(t.  LofS 
2|  „  UofS 


i}  .,  Rof  J 
8.  by  W.  I  W. 


I  to  ottxctled  oovrae 


Ex.4. 

Coarse  steered  West  is 
Leeway  oairies  ship 


8   pts.  Bof  S 
3i   »   LofS 


The diff. to sonreoted cenrse  4^   „   Rof8 


Off  8. 


,#.i'w^' 
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ETAWTTJBfl   FOB  PsAOnCE. 


Oorrect  the  following  courses  for  leeway. 

Course  Steered.  Wind.  Leeway. 

8.8.W.  8.B.  i4 

8.W.JW.  W.N.W,  aj 

N.byB.  E.byN.  J 

N.N.E.  J  E.  N.W.  i  N.  a 


Course  Steered. 
8. 


N.W.  J  N. 
8.W.  by  W. 
K.E.iE. 


Wind. 
N.  by  E. 
N.B.  by  E. 
8.  by  E. 
N.  by  W. 


Leeway. 
1} 


(a)  TFhm  the  ship  u  hove-to,  take  the  middle  point  Utween  thai  to  which  the 
comes  up  and  that  to  which  she  falls  oS  for  the  compass  course,  and  correct  this 
for  leeway. 

Examples. 


Ex.  r.  A  ship  lyinf-to  nnder  her  main* 
Bail,  with  her  utarboaid  tacks  aboard,  comes 
up  E.  by  8.,  and  falls  off  to  N.E.  by  £., 
making  5  points  leeway.  What  compass 
oonrse  does  she  make  good  P 

The  middle  point  between  E.  by  8.  and 
N.E.  by  E.  is  E.  by  N^  then  5  points  to  the 
hft  hand  gives  N.N.E.,  the  compass  coarse 
made  good. 

Er.  3.  A  ship  lying-to  comes  np  8.  by  E. 
and  fdlls  off  to  8.E.  by  E.,  the  wind  being 
8.W.,  making  5  points  leeway :  required  the 
compass  course. 

The  middle  point  between  8.  by  E.  and 
S.E.  by  E.  is  8.E.  by  8.,  then  5  points  to 
the  left  hand  (the  ship  hsTiog  starboard 
tacks  on  board)  is  East,  the  compass  course 
made  good. 


Ex.  a.  A  ship  lying-to  nnder  a  close- 
reefed  main  topsail,  with  her  port  (larboard) 
tacks  on  board,  comes  np  to  8.8.  W.  and 
falls  off  to  8.W.  by  W.,  making  al  points 
leeway.  What  compass  course  does  she 
make? 

The  middle  point  between  8.aW.  and 
8.W.  by  W.  is  8.W.  *  8.,  then  a  J  poinU  to 
the  riffht  hand  is  W.8.W. 

Ex.  4.  A  ship  lyinor-to  with  port  tacks 
on  board,  comes  up  W.  by  8.  and  falls  off 
N.W.  by  W.,  making  5  points  leeway. 
What  course  does  she  make  good  P 

The  middle  point  between  W.  by  8.  and 
N.W.  by  W.  is  W.  by  N.,  then  5  points  to 
the  right  hand  is  N.N.W.,  the  compass 
course  made  good. 


2.    THE  VAEIATION  OF  THE  COMPASS. 

107a  The  needle  points  to  the  magnetic  North,  which  in  few  parts  of  the 
world  agrees  with  the  true  North ;  the  difference  between  them  is  called  the 
Variation  of  the  Compass.* 

The  variation  is  said  to  be  easterly  when  the  North  end  of  the  needle 
is  drawn  to  the  eastward,  and  westerly  when  drawn  to  the  westward  of  the 
true  North ;  thus  when  the  North  end  of  the  needle  points  to  that  part  of  the 
horizon  which  is  true  N.N.W.  i  W.,  the  variation  is  said  to  be  2^  points 
West;  but  when  it  points  to  the  N.  by  E.  part  of  the  horizon,  the  variation  is 
said  to  be  i  point  East. 

108-  The  variation  is  different  in  different  places,!  and  it  is  also 
subject  to  a  slow  change  in  the  same  place,  and  becomes  alternately  East  and 

*  This  is  the  term  commonly  employed  by  nautical  men ;  but  among  men  of  science  the 
term  *' Magnetic  Declination"  is  usually  aulstituted  for  ^'Magnetic  Variation." 

t  At  Greenwich,  at  the  i^resent  time,  the  variation  is  20"*  W.,  or  the  North  end  of  the 
magaetio  needle  does  not  point  exactly  North,  but  30**  W.  of  North.  In  the  West  Indies 
the  variation  is  o ;  at  Cape  Farewell,  53®  "W. ;  at  Gape  Horn,  23"*  E. ;  at  Hobart  Town,  lo^" 
E. ;  at  Oanton,  i*  E. ;  and  Cape  of  Gk>od  Hope,  29(0  W.  Qenerally  in  Europe,  Africa,  and 
the  AtUntio,  the  variation  is  westerly,  while  in  America  and  the  Padflc  it  is  easterly. 
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West*  It  also  changes  slightly  at  di£Pereiit  times  of  the  daj.f  Its  value 
for  each  locality  is  indicated  on  charts,  and  always  to  be  found  by  easy 
methods. 

109-    Variation  is  one  of  the  ^^  corrections  **  in  deducing  the  true 
course  and  bearing  from  the  coarse  and  bearing  observed  with 

tbe  C<tfnpass>    It  is  given  on  the  charts  used  in  navigation. 

The  method  of  correcting  Compass  Courses  or  Bearings  for  Variation  will 
be  readily  understood  by  means  of  an  example. 

Bnppose  the  variation  of  the  compass  is  found  to  be  two  points  East— that  is,  the  needle 
is  directed  t  wo  points  to  the  right  of  the  North  point  of  the  heaTons^that  is,  points  N.K.E. 
instead  of  N. ;  then  the  N.N.  W.  point  of  the  oompass  card  will  evidently  point  to  the  true 
north,  and  every  other  point  on  the  oard  will  be  shifted  round  two  potnti.  If,  therefore,  a 
ship  is  sailing  3y  compau  N.K.W.,  or,  as  it  is  usually  expressed,  her  oompass  coarse  is 
K.N.W.»  her  true  coarse  will  be  North ;  that  is,  two  points  to  the  right  ofth$  compau  coun$, 
Jn  a  similar  manner  it  may  be  shown  that  when  the  Tariation  is  two  points  westerly,  the 
troe  oooite  will  be  ttvopomis  to  tho  left  of  the  compato  cowrm* 

UO.    To  find  the  true  course^  the  compass  coarse  being  giTon, 

BITLE  XXXI. 

Alhw  easterly  variaiian  io  the  right  0/  ih$  compass  course, 
westerly  „  left  n 

Mkingjinm  the  centre  0/  the  card  over  the  point  to  be  eorreetei. 

The  learner  most  be  oarefal  to  remember  when  correcting  his  ooarses  that  he  Is  to  sap« 
^(md^dMBatid  looking  firom  the  omtroof  the  card  oper  the  point  to  iooorro^  When  he  places 
the  compass  oard  before  him,  miatakes  very  freqaentlv  ocoar  in  the  application  of  the 
▼ariatioQ  between  the  £att  and  JTeet  points  roand  by  South;  thas,  taking  the  oompass,  as 
shown  in  Fig.  35,  with  the  North  point  placed  before  or  from  the  observer,  while  an  error 
coold  scarcely  arise  when  correcting  courses  in  the  N.E.  and  N.W.  quadrants,  it  would  be 

*  "  The  system  of  liaffnetio  Meridians  has  andergone  considerable  changes  in  the  times 
of  modam  acoorate  science.  The  southern  point  of  Africa  received  from  the  Portugese 
voyagers  in  the  fifteenth  centurr  the  name  of  L' Agulhas  (the  needle),  because  ike  direction 
of  the  compass  needle,  or  the  Looal  Magnetio  Meridian,  coincided  with  the  Geographical 
Meridian :  it  now  makes  with  it  an  angle  of  about  30*  W.  In  the  sixteenth  century  the 
ooMpass  needle  in  Britain  pointed  East  of  North ;  it  now  points  from  so*  to  30'  (in  diflmnt 
parts  of  the  British  Isles)  Wf>st  of  North.  At  the  present  time  a  change  of  the  opposite 
^^w^Mmr  if  goinff  ou :  in  1819  the  westerly  deolination  at  Greenwich  was  about  34*  33', 
which  was  pfobably  its  nuudmum;  io  the  last  30  years  it  has  diminished  from  33}*  to  30^ 
nearly.  It  is  beliered  that  the  magnetic  poles  are  rotatina  round  the  geographical  poles 
from  EuA  to  Woet."— ^  TVeatiee  on  Magmtiem,  designed  for  the  use  of  Stadents  ia  the 
UaiTersilr*    By  Gborob  Bxddxll  Auit,  M.A.,  LL.D.,  D.O.L. 

t  Besides  the  gradual  changes  which  occur  in  terrestrial  magnetism,  both  as  regards 
(Bieotion  and  intensity  of  force,  in  the  course  of  long  periods  of  time,  there  are  minute  fiuctu- 
ations  continually  traceable.  To  a  certain  extent  these  are  dependent  on  the  vaiying 
pcsitiona  of  the  sun,  and,  to  a  much  smaller  extent,  of  the  moon,  with  respeot  to  the  place 
of  obeer nation;  bat  orer  and  above  all  regular  and  periodic  changes,  th«re  is  a  large  amount 
of  irregnlar  fluctuations,  which  oocasionadly  become  so  great  as  to  oonititttte  what  is  called 
a  fnmpiHU  etorm.  These  variations  occur  with  ffreat  rapidity,  causing  defl^tctions  to  the 
right  and  left  comparable  in  their  rate  or  period  of  alternation  with  ordinary  telegnphio 
signalling;  aoddental  variations  of  70'  have  been  observed.  '^Ka»netic  Storms"  are  not 
conneeCed  with  thnndei  storms,  or  any  other  known  disturbance  of  the  atmo«phi»re,  but  are 
invariably  conni>cted  with  exhibitions  of  surora  borealiR,  and  with  spontannoos  galvanic 
eorreaU  in  the  telegraph  wires,  and  this  connection  is  found  to  be  so  certain,  that  upon 
remarking  the  display  of  one  of  the  three  danses  of  phenomena,  we  oan  at  once  assert  titat 
the  other  two  are  obeervable  (the  aurora  borealis  sometimes  not  virible  hers^  bat  certainly 
visible  in  a  more  ncvttMn  ktitode). 
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Corruiin^  Course; 


diffenni  vilh  the  S.E.  and  S.  W.  qoadruits,  unloas  he  bore  ia  miad  that  ici  the  latter  instaiioe 
the  oomiMLU  card  ahoali  be  placed  before  him,  as  if  he  were  facing  the  South,  t!.#^  at  ia 
Fig.  a^. 

Fig.  25,  Fig.  26. 

H.  B. 


-E. 


N. 


.   From  wbal  haa  been  eaid  it  will  be  teen  that  in  correcting  coanei,  the  tignificanae  of 
BiOHT  on  the  £«ee  of  a  compMi  card,  u  at  ih$  hania  o/a  watch  mwe  ov$r  $ks  (Hat,  and  LiFf 

ExAlCPLSa. 


Taking  tho  oonnes  between  North  and 
Booth  ronnd  by  E, 

Ex.  r.  Copree  steered  N.E.  by  E.,  vari- 
ation  9|  points  JITm^  to  find  the  tme  couria 

Here  the  compass  oourseis  K.  5  points  £.,  «nd  tha 
Tftriaiion  is  westerly,  and  henoe  must  be  apj^lied  to 
the  left,  thereby  bringing  it  3)  points  nearer  to  the 
North  (N.  5  E.  —  a}  B  N.  a^  B.U  that  if.  within  t| 
points  of  North ;  the  tme  C3urse  is  therefere  N.N.XT. 

Ex.  3.  Course  by  oompaas  N.N.E.,  varia- 
tion zk  points  W$M,  the  tru$  murm  th  points 
to  the  left  haB4  of  V.N.B.»  ot  N.  i  W^. 

Ex.  5.  Ck>nipas8  course  8.E.,  Tariation 
1}  points  Sati,  then  the  ii^ue  eotvrH  (allowing 
the  Tariation  to  the  right)^  will  bo  S.B.E.  | 
S.,  or  8.  2\  points  B. 

Bx,  7.  Oompass  eonrse  East,  satiation 
1  points  Wul^  then  allowing  a  points  to  the 
left  gives  trm  tmrm  E.N.B. 


K^w  proceeding  to  the  courses  between 
North  and  South  ronnd  by  West. 

.  Bx.  9*  Course  by  oompass  N.W.  \  W., 
▼ariation  2  points  W€9t^  then  the  tnu  eourte 
(allowing  toe  variation  to  the  Isft)  Will  be 
W.  by  N.  I  N.,  or  N.  6|  points  W. 

.  Bx.  1 1 .  Again,  oompass  oourse  S. W.  by 
8.,  variation  a}  points  West,  the  true  eourae 
(idlowing  v^iation  to  the  le/i)  will  be  8.  ^ 


tiott 


^.  ly,    Compaaa  ooarse  8.8. W.,  varia- 
3I  WHi,  then  allowing  t^  W.  to  the 
left  of  8.8.  W.  giTsa  8.  by  E<  {  £.,  or  8.  i} 
points  B. 

Bx.  15.  But  with  oompass  ooune  West, 
and  variation  si  W$ti,  then  allowing  3^ 
ptints  to  tho  left  of  W.,  the  trm  mmrm  ia 
8?W.fW.,orS.4ipointsW. 


Bx.  2.    Course  ateend  the  same.  Tin., 
N.B.  by  B.,  vattation  i^  points  Beat* 

Here  the  oompass  ooune  is  N.  5  points  E.,  and  the 
wriation  eastetlr,  and  hsnoe  mvst  tie  applied  tathe 
rights  thereby  carrying  the  course  lywal  fnm  the 
North  towards  the  Eaet.  that  is,  6f  points  to  the 
eaatvard  of  North  (N.  5  E.  +  if  E.  =s  N.  6}  E.); 
the  true  course  is  then  fore  £.  by  N.  \  N. 


Ex.  4.  Coinpau  oourse  8.  by  B^,  varia- 
tion ai  Bsi#,  a}  pointa  allowed  to  right  of 
8.  b)r  B.  ia  8.  by  W.  i  W.»  or  8.  i^  W. 

Ex.  6.  But  oompass  course  S.E.,  varia- 
tion 2^  points  West,  then  the  true  course 
(allowing  the  variation  to  the  hft)  will  be 
E.  by  8.  \  8.,  or  8.  ^  points  B. 

Ex.  S.  CompsM  oourse  E.,  variation  2| 
points  Ba$i,  then  the  trm  9omrm  (allowing 
the  variation  to  the  right  band)  is  S.B.  hj 
E.  \  E. 

I^.  lOv  Taking  the  same  compass  coarse, 
vis.,  N.W.  \  W.,  when  the  varialion  is  i| 
points  BoMt^  the  true  mmru  (allowing  the 
variation  to  the  riiki)  will  be  N.  W«  by  N., 
or  N.  3  paints  W. 


Ex.  12.  Compass  course  8«W.  by  8.  (aa 
before  (vasiation  if  Sast,  the  trm  eowru 
(allowiogthe variation  to  the  right)  wiU be 
S.  W.  i  W.,  or  8. 4f  point!  W. 

Bx.  14.  Compass  course  W.»  variaiioa 
3^  E.,  then  the  trm  eoHru  (allowing  a4 
points  to  the  right)  U  N.W.  by  W.  4  W., 
or  N.  si  pointo  W. 

Bx.  16.  CompaM  ooumo  N.N.W.  (  W., 
variation  3}  pointa  £mi,  than  t^  poinU  to 
the  right  01  N.N.W.  ^  W.,  is  N.  |  B. 
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UL  The  learner  ahould  so  famtliame  himself  with  the;  compass  card  as 
to  be  able  entirely  to  dispense  with  its  use  in  correcting  courses,  and  when 
he  has  acquired  such  knowledge,  he  will  find  the  following  rule  serviceablci 
in  which  the  points  of  the  compass  are  treated  numerically. 

KULE  xxxn. 

1°.  Put  down  the  points  and  quarter  points  whieh  the  compass  course  ii  io 
ii§  right  0r  left  ^  North  or  South,  marking  tkim  B.  or  L.  accordingly. 

%\  Undcmcatk  pui  the  yariation,  mwriing  U  aUo  B.  or  L.,  accordingly  ac  it 
icKorW. 

3^    If  ike  namci  arc  alike^  iaic  the  sum,  with  that  name,/<ir  the  true  oourec. 

(a)  When  the  sum  az^ounts  to  8  points,  it  is  either  E.  or  W. 

(b)  When  the  sum  exceeds  8  points,  take  it  from  i6  points ;  the  remainder 
w  the  true  cetarse  to  he  reckoned  from  the  opposite  point  to  that  which  the 
compass  course  is  reckoned  fxom« 

That  is,  it  is  to  be  reckoned  from  the  North  if  it  had  previoaely  been  reckoned  from  8., 
bat  marked  8.  if  preTioasIy  marked  N. ;  also,  if  marked  L.  (left)  change  to  R.  (right) ;  but 
if  marked  R.  change  to  L. 

4^  1/  tkf  namee  are  unlike,  take  the  difference,  and  mark  it  the  same  name 
if  the  greater. 

(c)  If  the  variation^  being  subtractive,  exceeds  the  amount  from  whieh  Hit  to 
he  euhtractcdf  take  the  points  of  the  course  from  the  variation,  and  name  it  fthe 
eouruj  Bight  if  it  had  previouely  been  Left,  hut  towards  the  Leffc  if  it  had  heen 
Bight 

(d)  Also  hear  in  mind  that  o  points  is  either  North  or  South,  gs  the  case 
SMf  he. 

The  following  are  examples  of  this  method  of  applying  the  variation,  and 
the  numben  and  letters  in  brackets  refer  to  the  rule  as  given  above :— - 

I.— Gompaap  Courses:— 6.S.W. ;  K.  by  E.  |  E.;  W.S.W. ;  and  B.  by  N.  Variation  3} 
points  Easterly^    Beqalred  the  Tme  Courses. 


8.3.  W. 
8.8.W.  =  2    R.of8. 


Var. 
Sam 


5iB.ofS. 


S.W.  by  W.  i  W. 

Hen  thfl  ntm  is  taken  for 
the  true  course,  the  namea 
(8eeiro.3«) 


K.  hy  E.  i  E. 
li  R.  of  N. 
3iB.    [3*] 


N.B.  by  S. 
Here  the  names  being 
alike  the  »um  ia  taken. 
(J^eNo.s*'.) 


W.8.W. 
6   R.ofS. 
3itt.    [b] 

-9|R.ofS. 
16 

"6JL.ofK. 
wTby  K.  i  N. 


Compass  Courses:- K.N. W.;  8.  by  E. 

K.N.W.  S.  by  E. 

a    L.ofN.  1    L.of8. 


(See  No.  3< 
W.JN.;.audE.byS. 

\r.jN. 

rL.ofN. 
rL.    [b] 


E.  by  N. 

7   R.ofN. 
3iH.    [b] 

—  loJR.  ofN. 
16 

si  L.  of  8. 


'41 


N.W.  I  W. 


3iL.of8. 
"S-E.  }  8. 


ID 

16 


L.afN. 


6   a  of  8. 
"w.8.W. 


Variation  3  J  W. 

E.  by  8. 

7    L.of8. 
_2iL.    [b] 

-9*1-.  of  9. 
16 

"6iR.afN. 

B7byN..JK.      ^ 
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3.  Compass  Conner  :~y  .E.  ^  E. ;  S.W.  |  W. ;  N.  by  £. ;  and  8.  by  W.  A^ariation  a  J 
points  West. 

NJ:.JB.  S.W.|W.  N.byE.  S.byW. 

4lE.ofN.  4lB.ofS.  I    E.ofN.  i    ItofS. 

ajL.    M  ajL.    M  aj  L.    [c]  aj  L.    [c] 

3iB.ofK.  iiR.ofS.  iiL.ofK.  i}L.ofS. 

N.N.E.  i  B.  ai-W.  i  W.  N.  by  W.  J  W.  sfby  E.  i  E. 

4.  Compass  Conrses :— N. W.  by  W.;  S.B.  by  K;  N.  by  W.  J  W.;  and  S.  by  E. 
Variation  3}  points  East. 

N.W.byW.  8.£.byE.  N.byW.JW.  S.byE. 

c   L.ofN.  5   L.  ofS.  iiL.ofN.  i    L.ofS. 

3tB.    M  3iR.    W  3IB.    [0]  3iB.    [0] 

i|L.ofK.  ifL-ofS.  xiB.ofK.  2iB.ofS. 

N7byW.|W.  s7byB.|B.  NTbyRfB.  S.aW.  J  W. 

5.  N.K.E.,  Variation  2  points  W. ;  8.  by  E.,  Variation  i  point  E. ;  W.  by  8.,  Variation 
I  point  E. ;  and  E.S.E.,  Variation  a  points  W. 

K.N.E.,  Var.  2  W,      8.  by  E.,  Var.  1  B.     W.  by  8.,  Var.  i  E.      £.S.E^  Var.  a  W» 

aB.ofN.  iL.of8.  7B.ofS.  6L.ofS. 

a  L.  I  H.  I  B.  a  L. 

"I^    [d]  o    [d]  "8E.of8.  [a]  luofS.  [a], 

N.  8,  W.  E. 

6.  North,  Variation  a  points  E.;  Soath,  Variation  a  points  W.;  West,  Variation  a 
point!  W. ;  and  East,  Variation  a  points  £. 

N.,  Var.  a  E.  8.,  Var.  a  W.  W.,  Var.  a  W,  £.,  Var.  a  E. 

o  =  N.  0  =  8.  SB.  of  8.  8L.of8. 

a  B.  of  N.  a  L.  of  8.  a  L.  a  E. 

"I  B.  of  N.  [30]  a  L.  of  8.  [f>]  6  B.  of  8.  [4*]  6  L.  of  8.  M 

n!n.E.  8.8.E.  W.8.W.  e!8.E. 

112.    If  the  Tariation  be  giyen  in  degrees  proceed  as  follows : — 

BULE  XXXIIL 

1^  ExprBU  ih$  course  tn  degreesi  marhing  ik$m  B.  or  L.  aeeoriing  as  ihey 
«ra  right  or  left  o/N.  or  S. 

2^.  ITiMbrfiMM  imfo  ^A^  variaium,  marking  U  B.  or  L.  according  as  it  ic 
E.  orW, 

3"*.    I/ihc  names  at^  allke^  take  the  sum,  trt M  that  name,  for  the  true  course. 

(a)  When  the  sum  amounts  to  90®  t ^  m  eitker  E.  or  W. 

(b)  F^^  ^Atf  sum  exceeds  90°  toA^  it  from  180°,  ^A^  remainder  m  M«  true 
course^  to  he  reckoned  from  the  opposite  point  to  that  which  the  compass 
course  is  reckoned  from ;  aho  change  the  letter  B.  or  L. 

KoTB.— That  is,  it  is  to  be  reckoned  from  the  North  if  it  had  preyionsly  been  reckoned 
lirom  Soath,  but  marked  8.  if  previonaly  marked  N. ;  also,  if  marked  Jx  (left)  change  to  B» 
frl^t),  btt  if  marked  B.  dhaiige  to  b. 
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4^  If  the  names  an  unlikey  toib  the  di£Ference  and  mark  it  the  same 
name  ae  the  greater. 

(c)  ijT  the  variation^  heing  subtraotiTe,  exceeds  the  amount  from  which  it 
is  to  he  snbtracted,  take  the  degrees  of  the  course  from  the  yariation,  and  name 
the  remainder  B.  or  L.,  aeoording  as  the  variation  ie  marked  B.  or  L. 

(d)  Abo  remember  that  o^  ie  either  North  or  South,  as  the  case  mag  he. 

I.    OompaM  €k>arse6 :— K.N.B. ;  8.  by  W.  i  W. ;  W.N.W. ;  S.E.  J  B.    Var.  36J«»  E. 

N.N.E.  (i).  8.  by  W.  J  \V.  (i).  W.N.W.  (a).  S.B.  i  E.  (a). 

aaoao'  R.  of  N.  16^53'  B.  of  8.  67*^30'  L.  of  N.  50^38'  L.  of  8. 

36  30  B.  36  30  B.  36  30  E.  36  30  B. 

59    o  B.  of  K.  53  33  B.  of  8.  31    o  L.  of  K.  14    8  L.  of  8. 

N.  59»  K  8.  53*  W.  N.  31'  W.  8.  i4»  E. 

a.    ComiMsa  Gouroe :— E.N.E. ;  W.  by  8. ;  K.N.W.;  8.  by  E.  Var.  36*  30'  K 
B.N.B.(b)                    W.by8.                     N.N.W.  8.  by  E. 

67<>3o'  B.  of  N.  78<'4s'  B.  of  8.  aa°3o'  L.  of  N.  1 1'  15'  L.  of  8. 

36  30  B.  36  30  B.  36  30  B.  36  30  B. 

104    o  B.ofN.  1x5  15  B.of8.  14    o  B.ofK.  35  15  B.  ofS. 

180  180 


76    o  L.  of  8.  64  45  L.  of  K. 


N.  i4»  E.  8.  a5«  W. 


8, 76-  K.  N.  65«  W. 

3.  Oompaas  Goones:— N.E.;  8.W.  i  8.;  K.W.  j;  HT.;  8.E.  i  8.  Var.  35"  19'  W. 

N.E.(4)  8.W.iS.(4)  N.W.|N.  (3)  8.B.i8.(3) 

45°  o'  B.  of  N.  39°a3'  B.  of  8.  39**  2^  L.  of  N.  4a^  1 1'  L.  of  8. 

2S  19  L.  a5  19  L.  a5  19  L.  35  19  L. 

19  41  B.ofK.  14    4  B.  ofS.  64  4a  L.  of  K.  67  30  L.of  8. 

N.ai/>E.  8.14^.  N.65»W.  8r6^B. 

4.  CJompaaa  GonnoB :— N.  by  B. ;  8.  by  W.  J  W. ;  W.  J  N. ;  B.  by  8.    Var.  2$*  19'  W. 

N.byB.(4)  8.byW.JW.(4)  W.  J  N.  (b)  E.by8.(b) 

ii*>i5'  B.  of  N.  14^  4  B.  of  8.  84«a3'  L.  of  N.  78^45'  L.  of  8. 

35  19  L.  a5  19  L.  a5  19  L.  2$   '9  L* 

J4  4lj.ofK.  II  15  L.  of  8.  109  4a  L.  of  K.  104  4L.of8. 

—  —  180  180 

N.  i4»W.  8.  ii'E. 


70  18  B.  of8.  75  56  B.ofK. 

8.  76*  W.  N.  76'  K 

5.    Gompasa  Gonraea :— N.N.E.,  Var.  a  a®  30'  W. ;  8.  by  B.,  Var.  1 1»  15'  E. ;  W.  by  8., 
Var.  ii<>  15'  B. ;  and  E.S.B.,  Var.  aa**  30'  W. 

N.N.K  8.byB.  W.by8.  B.8.B. 

aa°3o'B.ofK.  ii®i5'L.of8.  78*^45' B.  of  8.  67^30' L.  of  8. 

aa  30  L.  II  15  B.  11  15  B.  aa  30  L. 

o    o  [d]  00  [d]  90    o  B.  of  8.  [a]       90    o  [a] 

Korth.  8oath.  Weat  Bast. 

U3»    If  the  learner  has  carefully  gone  through  the  preceding  examples, 

he  will  have  noticed  that  JBasterlg  variation  in  its  application  to  Oompass 

Gourses  inereaeee^  them  in  the  If.JE.  and  8.  W.  quarters  of  the  compass,  and 

ieeradiee  fbeu  in  (he  JVl  W.  and  S.A  (jfiox^ra.    Westerfy  variation  deerMn 
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the  coursM  in  the  If,£,  and  8.  W:  qoadranta,  aivd  inersau$  it  in  the  i^.  W. 
and  8*K ;  we  have,  therefore, 

EULE  XXXIV. 

1.  Westerly  variation  is  —  from  all  points  between  K.  and  E 8.  and  W. 

2.  Easterly  variation  is  +  to  all  points  between  N.  and  E S.  and  W. 

3.  Westerly  variation  is  -^  to  all .  points  between  N.  and  W 8.  and  E. 

4.  Easterly  variation  is  —  from  all  points  between  N.  and  W S.  and  E. 

Which  may  be  represented  by  means  of  a  simple  diagram. 

Fig.  27. 

V. 


V.  var.  — 
W.  var.  + 


E.  Tar.  + 
W.  var.  — 


-E. 


y.  Tar.  +    I    E.  Tar.  — 
W.  T«r.—    I    W.  Tar. + 

S. 

(a)  AUoy  tohin  the  Variation  tif  additive  (+)  to  the  coursOi  if  ths  sum 
exceed  90°,  subtract  it  from  180°,  and  reckon  the  remainder /rom  N.  if  it  had 
previotuly  heen  8.,  hut  from  S.  if  it  had  previoueljf  heen  N. 

(b)  When  the  Variation  is  subtractive  (-*),  and  exceeds  the  quantity 
from  which  it  it  to  he  taken,  subtract  the  degrees  of  the  Oourse  fre»i  the  Varia- 
tion, and  name  the  remainder  toward  the  W.  */  the  Oourse  had  pretiousfif  heen 
E.,  hut  towards  the  E.  if  it  had  heen  W. 

(e)    AlsOf  remember  that  oP  is  either  N.  or  S.,  as  the  ease  maif  he. 

(d)    And  90^  is  either  E.  or  W. 

The  following  exaiaples  of  this  method  of  applying  the  variation,  and  the 

Nos.  and  letters  in  brackets  refer  to  the  rule  just  given. 

z.    OompSM Courses :-K.N.E.;  8.  by  W.  i  W.;  W.V.W.;  8.E.  }  E.    Var.  36*  34' E. 

N.N.E.  (1)  8.  hj  W.  J  W.  (1)  W.K.W.  (a)  8.E.  J  E.  (a) 

K.  aa^jo'  B.  8.  i^^'j}'  W.  K.  67' 30'  W.  8.  so«>8'  E. 

+  36  34  B.  +  36  34  E.  —  36  34  E.  —  36  34  EL 

.     N.  59    4  E-  8.  S3  a?  W.  N.  30  56  W.  8.  14    4  E. 

a.    Compsis  Coursea :— E.N.E. ;  W.  by  S. ;  N.N.W. ;  8.  by  E.  Var.  36*  34'  E. 
E.N.E.  (a)                  W.  by  8.  (a)                N.N.W.  (b)  S.  by  E.  (b) 

N.  67°30  R.       8.  78^45'  W.       N.  aa03o'  W.       8.  1 1**  15'  E. 

+  36  34  E.       +36  14  E.        —  36  34  E.       —  36  34  E. 

N.  104  4  E.      8.  115  f9  W.       N.  14  4  £.       8.  35  19  W. 
iSo  180 


8.  75  56  E.       N.  64  41  W. 

Compaai  Courses :— N.E. ;  8.W.  J  8. ;  N.W.  i  N. ;  8.E.  i  8.  Var.  25*  19'  W. 

N  JJ.  (1)                    8.W.  J  8.  (i)              N.W.  J  N.  (3)  8.E.  J  8.  (3) 

N.  4s<»  o' E.                S.  39^23'  W.                N.  39<»23'  W.  8.  42**  11'  B. 

-  as  '9  W.               -  as  ^9  '^'                 +  ^5  '9  W.  +  25  19  W. 

N.  19' 4*  E.                S.  14    4  W-          _    N.  64  ^»  W:  8.  67  30  E. 
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4.    OampMB  Connet : 

-N.byE.;  8.  by  W.J 

W.;  W.JN.;  B. 

by  8.    Vwr.  25- 19' W. 

H.byB.(b) 

8.byW.4W.(b) 

W.JN.(a) 

B.by8.(«) 

N.  n«i5'E. 
-25  «9  W. 

S.i4«4'W. 
-25J9  W. 

N.  84^23' W. 
+  *5  '9  W. 

8*7»*45'E. 
+  «5  '9  W. 

N.  14    4W. 

8.  II  15  B. 

N.  109  42  W. 
180 

8.  104    4  E. 
180 

8.  70  18  W. 

N.75  5<B. 

5.    OompftH  Oonnas : 

-N.N.W*|W.;  8.8.B. 

{E.;N.B.byE.i 

E. 

;  8.W.byW.iW* 

Vtr.  30»  56'  E. 

N.N.W.|W.(o)  8.8.B.}E.(o)  N.B.  by  B.  i  E.  (d)  8.W.  by  W.  J  W.  (d) 

N.  3o<'56'  W.  8.  30056'  B.  N.  59^  4'  E.  8.  59^  4'  W. 

30  56  B.  30  56  B«  30  5^  B.  y>  56  E. 

00  00  N.  9>    o  B.  90    o 

or,  North.  8oath.  Baa'.  West. 

U4«  Sometimes  it  may  be  desirable  to  ezpreaa  theYariation  in  degrees, 
in  which  case  we  proceed  as  follows  :— 

BULB  XXXV. 

i^  Comet  th  eompats  eour»e9  fir  U&wap  a»  he/ore  direeM^  and  eonv$rt  the 
number  ofpoinUe  ihmfiund  i^Uo  degreee^  marking  ikem  B.  er  L.,  aecarding  a$  they 
«ra  right  or  left  ^N<  0r  S. 

t^  Uniemea^  teriie  the  variation,  marking  it  B.  or  L.,  according  a»  it  %$  E. 
or  W.  Taho  the  sum  loith  the  oommon  name,  if  the  names  are  alike,  and  the 
difference'  with  the  name  of  the  greater,  if  the  namee  are  unlike.  The  result  will 
be  the  number  of  degrees  the  true  course  is  from  N.  or  8.  according  as  the 
eowrUf  corrected  for  leeway,  is  reckoned  from  the  N.  or  S. 
,  (a)  If  in  taking  the  sum  the  number  of  degrees  exceed  90^  take  the  supplement 
to  iSo*',  and  reckon  the  true  course  from  the  opposite  point  to  that  from  which 
the  course  corrected  f^  leeway  is  reckoned  ;  also  change  the  letter  B.  or  L. 

(b)    When  the  sum  amounts  to  90°  it  is  either  East  or  West. 

Examples. 


GompMf  OonjB^. 
8.W.  J  S. 
N.  by  E. 
W.fN.    ^ 

Winds. 
W.  by  N. 
E.  by  N. 
8.W.  by  8 

Leeiray. 
IN.                f 

I 

Var.                   True  Course. 
23*  W.                8.    8'W. 
2o«  B.                N.  5»  W. 
25*  W.              8.  85*  W. 

8.W.J8.=  3iH.of8. 

N. 

byE.=  ipt.  R.o£N. 

W.|N.  =  7iL.ofN. 

Leeway    |  L. 

I    R.ofN. 

7iL.ofN. 
1    R. 

IfB. 

oJL. 

1 

or  3i«  R.ofS. 
Var.       33  L. 

or  a5»  L.  of  N. 
20 

or  70»  L. 
25   L. 

"5  B.of8. 
8.  8»  W. 

"5  L.ofN. 

N.rw. 

—  95  L.ofN. 
"I5  H.of8. 
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lis.  Deviation  is  also  one  of  the  corrections  in  deducing  the 
true  coarse  and  bearing  from  the  coarse  and  bearing  observed  with 
the  compass. 

The  oompass  course  corrected  for  deviation  gives  the  correct  magnetic 
course,  and  it  is  usual  to  correct  the  compass  course  first  for  deviation  and 
then  for  variation. 

The  deviation  of  the  compass  being  Easterly  or  Westerly,  as  in  the  case  of 
the  variation  (but  it  differs  on  each  point),  the  rule  for  applying  it  to  a 
compass  course  steered  is  also  similar ;  hence, 

EULE  XXXYI. 
116.    To  find  th$  correct  magnetic  coarse^  having  given  the 
compass  coarse  and  deviation. 

JExpren  the  eompats  course  in  degrees^  Sfo ,  and  apply  the  Deviation  for  the 
given  courMy 

Allowing  Easterly  deviation  to  the  right. 
Westerly  „  left. 

looking  from  the  centre  of  the  card  over  the  point  to  he  corrected, 

EXAMPLBS. 

Correct  the  following  compass  courses  for  the  given  deviation. 

t.    Compass  Coarse  E.S.E.,  Dev.  9"*  8'  E.    ,    a.    Oompass  Coarse  N.N.W.,  Dev.  5^  %*  W. 

E.S.E.  =  6  pointi  L.  of  S.  |        K.N. W.  =  a  pointo  L.  of  N. 

6  poinU  L.  of  S.  =  67^' 30'  L.  of  8.       ,        a  points  L.  of  N.  =  aa^'so'  L.  of  N. 
Deviation  (Table)      9    8  H.  I        DeTiation  (Table)       5    a  L. 

Cor.  mag,  oowu       58  aa  L.  of  8.  Ccr.  tMg.  eouru        a7  3a  L.  of  N. 

or  8. 58  aa  B.  |  or  N.  a7  3a  W. 

In  thlB  izutanoe,  the  deTittion  being  Eaiterly,    |       The  deviation  in  this  instance  bcinf  Westerly, 
allow  to  the  light.  •    allow  to  the  left 


Ex.  3.    Compass  Coarse  £.  \  K.,  De?ia- 
tion  14*  E. 

K  i  N.  =  7}  points  B.  of  K. 

7i  poinU  B.  of  N.  =  84<'a3'  B.  of  K. 
Deviation  14    o  B. 


Exceeds  96*  98  a3  B.  of  N. 

Sabtractirom  180 


Ex.  4.    Compass  Coarse  8.  byW.,  Devia^ 
tion  a5®  W. 

S.  by  W.=  I  point  B.  of  8. 

I  point  B.  of  8.=  ii<»i5'B.ofS. 
Deviation  a5    o  L. 

Corr.  mag.  coarse   13  45  L.ofS. 

or  8.  14*  B. 


Corr.  mag.  coarse       81  37  L.  of8. 

or  8.  8a'>  E. 

ETAMPr.KS  FOB  PjtAGTIOB. 

Compass  Connee.                 Deviation.  Oompass  Oonxies.  Deviation. 

I.        8.JE.                        15VB.  5.  8.byW.JW.  ao<>W. 

a.       N.  J  W.                     I  a  30  E.  6.  N.  by  W.  50  B. 

3.  W.  i  8.                      a5    o  W.  7.  S.S.E.  as  W. 

4.  8-tE.                        31    o  E.  8.  W.  LyN.  JX.  i9i  W. 

Having  learnt  how  to  apply  leeway,  variation,  and  deviation,  as  separate 
quantities,  we  now  proceed  to  find  their  joint  effect  on  the  compass  course, 
and  thence  determine  the  true  course ;  in  doing  which,  if  the  leeway  and 
variation  are  given  in  pointSi  it  will  shorten  the  work  to  tak$  the  sum  of  the 
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U»Q  wkm  they  are  t'n  the  same  direetion^  or  their  difference  when  they  are  in 
opposite  iiredumi;  apply  thie  sum  or  difference  (as  the  case  may  be)  to  iiU 
compass  course,  then  to  thie  result,  twmed  into  deyreee^  Sfc^  apply  the  denatum. 

Again,  if  the  variation  and  deyiation  are  both  expressed  in  degrees,  it  will 
be  coDTenient  to  proceed  as  follows : — 

If  they  are  both  of  the  eame  name^  i.e.,  both  E.  or  both  W*,  add  one  to  the 
othsr  and  apply  the  sum  according  to  their  joint  nawie, 

Ex.  r.  OompsM  Oonrie  N.^.E.:  giren  the  deviatioa  V  10'  E.  and  tho  variation 
10^  10'  E.,  the  iwm  thereof  38*  20'  E.  being  applied  to  the  right  of  N.N.E.  (=  N.  as*  30^  E.) 
gives  N.  s^  so'  E. 

Bat  if  one  be  E.  and  the  other  W.  take  their  difference,  give  it  the  name  of  the 
greater,  and  apply  it  according  to  that  name. 

Ex.  1.  Sappoee  the  deviatioa  be  still  8"*  10'  E.,  but  with  the  variation  ao*  10'  W., 
their  difference  la'  o'  W.  applied  to  the  Uft  hand  will  give  K.  10*  30'  E.  for  the  true  course. 

117a  The  following  examples  are  designed  to  show  the  method  of  cor* 
rooting  courses  for  leeway,  variation,  and  deviation* 

ExAlfFLSS* 
Ex.  I.    Coune  steered  E.N.E.;  windS.E.;  leeway  a}  points;  rariation  17*  E.;  devia* 
tion  a  1*  E. :  reqaired  the  tme  coarse. 

Here  the  coarse  by  compass  is  E.K.E.,  or. « •  •  •        6   points  right  of  North. 

The  ship  being  on  the  starboard  tack  the  leeway  is 

appUed  to  the  lef^,  and  hence ■•■•••        a|     „     left. 

The  diiEnenoe  is  the  coarse  corrected  for  leeway    •»       3i     »     right  of  North. 

Which  expressed  in  dyees,  Ac.,  is  •••••••#••••«•     39®  a  a' right  of  North. 

The  deviation  and  Tanation  are  of  tame  name,  their 

sum,  Tis.,  (17*  E. -f  ai<»  E.)  38"  E.  18 38    o  right. 

Trae  coarse    77  aa  right  of  North. 
Or  N.  77*  ay  E, 

In  this  example  the  compass  coarse  and  leeway  are  expressed  in  points,  we  therefore  take 
the  eouae  and  allow  the  leeway  from  the  wind,  giring  the  coarse  corrected  lor  leeway, 
via.,  3i  points  right  of  North,  which,  expressed  in  degrees,  is  39*  aa  right  of  North ;  then 
since  the  vatiation  and  deviation  are  both  of  the  eeme  name  add  one  to  the  other,  and 
apply  the  sum  according  to  their  joint  names,  1.^,  to  the  right,  both  being  E. :  the  result 
is  the  true  coarse  reqaired. 

Bz.  a.  Course  by  compass  N.N.W. ;  wind  N.E. ;  leeway  ti  points;  Tsriation  45*  W. ; 
dcTiation  16®  51'  E. :  find  the  true  coarse. 

Here  the  ship's  coarse  is  N.N.W.  •••.•••••••••.••        a   points  left  of  North. 

The  ship  being  on  the  starboard  tack  the  leeway  is 

applied  to  the  left,  and  hence  is  ••...••••••«••        ^i     »     left. 

Therefore  the  svm  is  the  course  corrected  for  leeway       4|     „     left. 

Which  expressed  in  deforces,  Ac,  is   •    50^38' left  of  North. 

The  VMriation  and  deviatioa  are  of  eontrary  names, 
their  difference,  vis.,  (45*  W.  —  i6»  5a'  E.) 
a8*8'W.is • a8    8  left. 

Sam    78  46  left  of  North. 

True  course  N.  78*46'  W.,  or  W.  by  N. 
In  this  example  the  compass  course  and  leeway  are  gifen  in  points,  we  there/ore  take  the 
eooiee  sad  allow  the  leeway  from  the  wind,  which  gives  the  ooorse  oorreoted  for  leeway. 
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▼is.,  4}  pointa  left  of  North,  which  expressed  in  degrees,  &g.,  is  50*  38'  L.  of  N. ;  then  the 
difference  of  the  variation  and  deviation  is  taken,  as  they  are  of  eontrarff  names,  the  remainder 
— which  takes  the  name  of  the  prmOer  ( W.}— is  then  applied ;  the  resolt  is  the  trae  course. 

Ex.  3.    Coarse  by  oompass  W.  by  S.;  wind  8.  by  W.;  leeway  i{  points;   variation 
36^  34'  E. ;  deviation  13*  50'  W. :  find  the  tme  oonrse. 

Compass  course  W.  by  8.  or    • ••        7  points  right  of  South. 

Leeway,  port  tack  allowed  to  the  right 1}    „     right. 

Sam  exceeds  8  points ••        8^    „     right  of  Sontb. 

Subtract  from      16 

7}    „     left  of  North. 

or  81O34' left  of  North. 
Variation  and  deviation  are  of  contrary  names,  the 
difference,  vis.,  (36*  34'  B.  —  13'  50'  W.)  =s 
a2*  44'  E.  • , , • . .    32  44  rights 

True  course    58  50  left  of  North. 

orN.5805o'W. 
EXAMPLBS  FOB  PbAOTIOB. 

From  the  following  Oompass  Oourses  find  the  True  Oourses : — 

I.  Sonth  W.S.W.  if  pts.  16*52' B.  I4»  4'B. 

s.  K  I S.  S.  by  B.  if    „  42    o  B.  15    o  B. 

3.  W.N.W.  North  3      „  42    o  B.  18  30  W. 

4.  N.B.  by  B.  N.  by  W.  J    „  14    o  E.  19    o  E. 

5.  W.  by  8.  8.  by  W.  |    „  10  30  R  19    o  W. 

6.  Sonth  E.S.B.  \    „  17    o  W.  3    o  B. 

7.  West  N.N.W,  ij    „  18  30  B.  ai    o  W. 

8.  S.S.W.  i  W.  S.E.  by  8.  aj    „  17    o  W.  5    o  W. 

9.  N.W.byVr.  N.byB.  3      „  35    o  W.  7^      W. 

10.  E.  by  N.  S.B.  by  8.  if  „  32  o  E.  120  B. 

11.  "W.byS.JS.  S.  byW.  a  „  15  o  E.  15  o  W. 
la.  B.  J  a  N.N.B.  J  R  aj  „  ai  o  W.  4  o  W. 
13.  8.W.  by  8.  W.  by  N.  i^  „  25  o  R  10    o  W. 

,  14.  South  B.8.E.  ij  „  51    o  W.  a    o  B, 

15.  S.W.iS.  S.8.E.JR  li  „  5»    o  W.  13    o  W. 

16.  B.  i  8.  8.  by  B.  J  E.  |  „  52    o  W.  840  E. 

17.  Bwt  8.P.B.  aj  „  8  30  E.  15  35  B. 

18.  W.  J  N.  N.N.W.  if  „  8  30  R  ai  30  W. 

19.  N.JW.  W.byN.  J  „  1545E.  6    oW. 
ao.  B.iN.  N.N.B.  aj  „  13    o  W.  ao    oR 
ai.  N.  by  W.  J  W.      N.R }  B.  aj  „  53    o  W.  8}      W. 
aa.  N.N.R  Bast  ij  „  a5    0  W.  6    o  R 
23.  B-iW.  W.by8.J8.  li  „  25    oW.  14    o  R 
a4,  W.N.W.  S.W.  I  „  as    o  W.  9    o  W. 
15.  S.W.  W.N.W.  ij  „  25    o  W.  ^    o  W. 

26.  B.  I N.  N.  by  B.  3j  „  4a  o  B.  19I      B. 

27.  West  aS.W.  I  „  70  oW.  ,6  oW, 
a8.  S.W.byS.  8.B.byS.  3J  „  70  o  W,  5  0  W. 
a9.  S.byB.  S.W.  by  W.  aj  „  70  o  W.  4    o  B. 

30.  8.  i  W.  W.  by  8.  ai  „  59  o  W.  50    o  W. 

31.  B.  I  N.  N.  by  E.  3j  „  59  ©  W.  16}      W. 
3a.  R  by  8.  ^  8.  N.E.  3  „  37  ©  B.  14    o  B. 
33.  S.W.fW.  8.byB.  3i  „  59  o  W.                 9    o  W. 
j4.  N.R4N.  N,N.W.                i  „  37  oR  8    oR 
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EULE  XXXVII. 
T9JM  ike  eampasi  eawr%$^  the  true  course  and  variation  bei&g  given. 

Easterly  variation  is  allowed  to  the  left. 
Westerly  „  „  right. 

EXAHFLBS. 


TddDg  the  oonnea  between  North  and 
Sotiik  roond  by  Eatt, 

Ex.  I .  Let  the  true  oonne  be  N.E.  by  E., 
where  Uie  Tariation  ia  i\;  pointa  WMt,  the 
tompmm  oonne  (allowing  weaterly  variation 
to  the  fvA<}  wOl  be  E.N.E.  \  E. 

Ex.  3.  Sappoae  the  trw  coarse  to  be 
8.E.  by  E.,  where  the  yariation  is  2^  points 
Wtftf  the  0oii^|Nrjt  coarse  (allowing  variation 
to  the  rigJU^  wiU  be  S.S.E. }  E. 

Takinii:  the  coarses  between  North  and 
^MA  roond  by  Wist, 

Ex.  5.  L^t  the  true  coarse  be  N.W.  by 
Wm  where  the  variation  is  2^  points  West^ 
then  the  compttoi  coarse  (allowinflr  westerly 
variation  to  the  righi)  wiU  be  N.N.W.  \  W. 

Ex.  7.  With  the  trm  coarse  W»t^  and 
the  variation  2  points  WtH,  then  the  eompoMs 
oonrae  (allowing  a  points  to  the  righl)  will 
be  W^.li»^v. 

Ex.  9.  With  (he  true  coarse  S.W.  ^  B., 
where  the  variation  is  2^  points  Wut^  then 
the  MMJMM9  ooorse  (aUowiog  westerly  varia- 
tioii  to  the  right)  wiU  be  S.W.  by  W.  |  W. 


Ex.  2.  Taking  the  same  coarse,  via., 
N.E.  by  E.,  where  the  variation  is  1  ^  points, 
Baet,  and  then  the  compote  coarse  (allowing 
easterly  variation  to  the  left)  will  be 
N.E.  i  N. 


Ex.  4.  Bat  the  same  coarse,  via.,  S.E. 
by  S.,  where  the  variation  is  2|  points 
eaeterly,  will  give  the  eompaee  coarse  (allow- 
ing easterly  variation  to  the  left)  S;E.  by 
E.  (K 

Ex.  6.  Suppose  the  coarse  to  be  the 
same,  vis.,  N.W.  by  W.,  where  the  varia- 
tion is  2^  points  eaeterly,  the  eompaee  coarse 
(allowing  easterly  variation  to  the  left)  will 
be  W.  J  N. 


Ex.  8.  Taking  the  same  coarse  Weet^ 
sappose  the  variation  to  be  a  points  Baet^ 
then  the  eompaee  coarse  (allowing  a  points 
to  the  Ufe)  is  W.8.  W. 

Ex.  10.    Bat  with  the  same  coarse,  vis., 
!    S.W.  \  S.,  where  the  variation  is  1}  points 
Eaet^  the  eompaee  conrse  (allowing?  easterly 
variation  to  the  left)  will  be  S.S.W. 


U9-  Treating  the  points  of  the  compass  numerically,  we  proceed  ac- 
cording to  the  following 

EULE  xxxvin. 

Proceed  ueeording  to  Bule  XXXII,  page  99,  in  every  particular^  except  that 
ihe  variation  it  to  he  allowed  the  opposite  way  to  that  of  correcting  compote 
cetertee,  viz.,  Wbstbblt  variation  it  to  he  allowed  to  the  right  and  marked  B., 
and  Eastbblt  variation  it  to  he  allowed  to  the  left  and  marked  L. 

EZAKPLIS. 
I.    Tnie  (Jonrses :— N.N.E. ;  8.  by  W.  J  W. ;  B.  by  N.  J  N. ;  W.  by  8.    Var.  2)  W. 


N.N.E. 

a    R.ofN. 
a^B. 

4iB.ofN. 

is£^\  E. 


S.  by  W.  J  W. 
i}R.ofS. 

iIb. 

4"R.ofS. 

siw. 


E.  by  N.  J  N. 

W.  by  8. 

4b. 

9   B.ofN. 
16 

7    R.of8. 
aJR. 

9}B.ofS. 
16 

r  L.  of  8. 

6iL.ofN. 

.By  8. 

W.  by  N.  i  N. 
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1.    Tree  CouMet:— N.B.  by  B.  J  B.;  8.W.  by  W.;  B.  by  8.  i  8.;   N.W.  by  W. 
Variatioii  3^  £. 


N.B.  by  B.  J  E.  8.W.  by  W.  B.  by  8.  i  8.  N.W.  by  W. 

sIl.  3tL.  3U.  3ili. 


a   R.ofN.                   i}B.ofS.                 10   L.ofS.  8}L.ofN. 

-*                                —                             16  16 

N.N.E.                   8.byW.}W.                    —  — 

6   B.ofN.  7|B.ofS. 

B.N»B«  Tim  ^  8. 

3.    True  Couneit^N.  by  W.  i  W.  and  S.  by  E.;  Yariatioa  3}  W.     8.  by  W.  aii4 
K.byB.;  YarUlionslB. 

N.byW.JW.  S.byE.  8.  by  W.  N.byE. 

i4L.ofN.  I    L.of8.  I    B.ofS.  1    E.ofN. 

rfB.  3iB.  311-  3|L. 

iiB.ofN.  3iB.ofS.  if  L.  of  8.  a|L.ofK. 

N.by'fi.fE,  aaW^JW.  S-S-RfE.  'n.n.w.jw. 

120.    To  convert  true  coune  into  correct  magnetic  couraey 

we  may  proceed  aooording  to  the  following 

BULE  XXXIX. 

Westerly  variation  is  +  to  all  points  between  N.  and  E 8.  and  W. 

Easteriy  yariation  is  -^  from  all  points  between  N.  and  E 8.  and  W. 

Westerly  variation  is  —  ftom  all  points  between  N.  and  W 8.  and  E. 

Easterly  variation  is  +  to  all  points  between  N.  and  W 8.  and  E. 

NoTB.— In  applying  this  rale  be  carefiil  to  remember  the  precepts  in  Bale  XXXIY,  (a), 
(b),(o),and(d). 
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PLANE    SAILING. 


The  figure  for  Plane  Sailing  is  a  right-angled  triangle,  ae  already  ex- 
plainedy  page  71  (see  Fig.  14,  page  71,  and  the  foot  note  to  same  page),  in 
whidh  the  vertical  side  (North  and  South  line)  represents  the  difference  of 
hiUuie. 

The  horizontal  side  (East  and  West  line)  represents  the  departure. 

The  hjpothenuse  represents  the  dietanee. 

The  angle  contained  between  the  meridian  and  the  distance  represents  the 


Henoe,  all  questions  in  Plane  Sailing  are  merely  solutions  of  right-angled 
flam  irtanglei. 

The  two  cases  usually  required  in  this  sailing  are : — 

(i.)  When  the  course  and  distance  are  given,  to  find  the  difference  of  lati- 
tude and  departure. 

(2.)  When  the  difference  of  latitude  and  departure  are  given,  to  find  the 
course  and  distance. 

CASE  I. 

Sx.  A  abip  sails  8.  24^  W.  until  her  distanoe  is  150  naatical  miles :  fiad  the  difference 
of  latitude  and  departure  she  has  made: 


FIg.iS 


i        <«-{te5^o^^ar'}to««o(^l-dt 


/ 


B 


Dtp. 

njindthedif.ht. 

. ' .  diff«  lat  =  dist.  cos.  course  (1). 
.  log.  diffllat-log.  dist.  -(-log.  cos.  co.  — 10. 

(0  ' 

Log.  diet  150  =  1*39794 

Log.  oot.  coarse  34*  =  9*91157 


IbjM  the  dtp, 
AB         doD.         . 

.  * .  dep.  =  dist  sin.  course  (2). 
.  log.  dep.  ■•  log.  dist + log.  sin.  eo.  — 10. 

(>) 
Log.  dist  250  =  2-39794 

Log.  dn.  course  34*  =  9*74756 


Log.  dUf.  lat.  i'3i65i 

•  \Diff.  lat  =  2073. 

'Siom^''^  ereiy  log.  sfai.,  log.  cos.,  fto.,  the  Tabular  logarithm  has  10  added  to  the  itiie», 
and  ^Stmdm  10  flntft  be  fubtta«M  fron  the  retalts  abdv«. 


Log.  dep.  a'14550 

.'.  Dep.  =  i39*S. 
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Plane  Baiting. 


CASE  II. 

Ex.    A  ship  makes  i8o  miles  diff.  lat.  (aorthing),  and  136  miles  dep.  (easting):  find 
the  course  and  distanoe. 


Fig.  29. 
Dep. 

— I 


A 

7 


«-{Jir'=i5h«-M»d's.t. 


Ibjlnd  thi  eourwt. 
Tang.  CO,  —  3-Q  =  ^^^^^ 


(0 


•  * .  log.  tang.  00.  —  I  o = log.  dep. — log.  diff.  lat 
or,  log.  tang.  co.  =  10  -{-  log.  dep.  —  log.  diff.  lat. 


ToJInd  the  duU 

AC 

BC 

dist. 
^'dift  lat.  =  •***'•  ®^""«- 

'-[ 

dist.  =  diff.  lat.  sec.  co.  (a) 
log.  dUt.  =  log.  diff.  lat.  -f 
log.  sec.  CO.  —  10. 

10  •{-  Log.  de] 
Log.  dil 


(I) 
.  136  sr  ia-133539 

,  lat.  180    =    i'a5S»73 


Log.  tang,  conrse  9*878x66 

.'.  Course  N.  37^4*  B. 


W 
Log.  diff.  lat.  180        =:    2*255273 
Log.  sec.  course  37*  4'  =:  10-098033 

Log.  dist.  **35330^ 

. ' .  Lat.  225*6  miles. 


EZAHPLBS  FOB  PbAOTIOK. 

1.  A  ship  from  lat.  54°  10'  N.  sails  N.W.  by  W.,  256  miles :  required  her  diff.  lat.,  lat. 
arriyed  at,  and  dep.    (See  Case  i,  page  109,  and  Rule  XXYI,  i^,  page  80.} 

2.  A  ship  from  lat.  55°  i'  N.  sails  8.E.  \  E.,  240  miles :  find  the  lat.  arriyed  at  and  dep. 
made.    (See  Case  i,  page  109,  and  Rule  XXYI,  2®,  page  80.} 

3.  A  ship  sails  N.,  220  miles,  and  then  W.,  120  miles :  required  her  oourse  and  dep. 
made  good.    (See  Case  2,  page  i  lo.) 

4.  A  ship  sails  from  lat.  20*"  40'  S.  until  she  arrives  in  lat.  23°  54'  S.,  having  made  140 
mOes  of  westing :  required  her  oourse  and  distanoe  made  good. 
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THE  TRAVERSE  TABLE. 


121.  In  all  ooUeotions  of  tables  for  the  use  of  navigators  there  is  inserted 
a  table  called  the  '<  Traverse  Table/'  containing  the  true  differenee  of  latitude 
and  departure^  corresponding  to  certain  dtstaneee  (at  intervals  of  one  mile) 
up  to  300  nautical  miles,  for  every  course,  at  intervals  of  a  quarter  point,  and 
also  of  degrees,  from  0°  to  a  right-angle  (90°).  Tables  I  and  II  (Bapkb  or 
Norib).  These  Tables  are  so  arranged  that  a  given  course  and  distance  in 
it  give  the  corresponding  diff.  lat.  and  dep. ;  and,  conversely,  with  the  given 
di£L  lat.  and  dep.  the  course  and  distance  are  found—both  operations  by 
lupeeium^  that  is  to  say,  by  merely  looking  into  the  Table,  without  employing 
any  method  of  calculation. 

lliis  table  is  ooortraoted  by  aolTing  a  right-angled  triangle,  of  which  one  angle  repreientt 
the  oouie,  and  the  hypothenuse  the  distance;  by  giving  these  different  and  suoceasiTe 
Talnee,  the  corresponding  yalaes  of  the  other  two  sides  are  found,  which  sides  represent  the 
tme  differenoe  of  latitude  and  departure. 

Thus,  in  the  triangle  0  A  B,  right-angled  at  0 :  if  the 
angle  CAB  represent  a  giyen  course,  and  A  B  a  giyen 
distance,  the  side  A  C  will  be  the  true  diff.  of  lat.,  and 
B  C  the  dep.  corresponding  to  that  course  and  distance. 

Oiven  conrse  30*,  and  distance  25  miles,  compute  cor- 
xesponding  trae  diff.  lat.  and  dep.  (See  Case  i,  Plane 
Bwling,  page  109.) 

In  the  triangle  0  AB,  let  A  =  30%  and  AB  =  a6<*; 
then  trae  diff.  lat.  =  A.0  =  AB  X  cos.  A  =  a5  X  00s.  30%  .'.tme  diff.  lat.  =  ai'*65, 
and  dep.  :=  BC  =  AB  X  rine  A  =  35  X  sine  30*,  .' . dep.  =  ti''$. 

Inasmach  as  the  sine  of  an  angle  is  the  cosine  of  its  complement  (see  page  43,  Art.  53), 
it  is  erident  that  the  difference  of  latitude  and  departure  for  any  conrse  are  the  dep.  and 
diff.  lat.  for  the  complement  of  that  course.  Thns,  let  it  be  required  to  find  the  diff.  lat. 
and  dep.  for  conme  60°  and  diet  25  miles : — diff.  lat.  for  60*  =  25  X  00s.  60^  =  25  X 
fine  30P  =  dep.  for  30*",  and  dep.  for  60*  =  25  X  sine  60°  =  25  X  cos.  30*  =  diff.  lat.  for 
30^.  AVhen  the  diff.  lat.  and  dep.  are  computed  in  this  manner  up  to  45^  the  diff.  laU  and 
dep.  for  course  above  45°  may  be  found  by  changing  the  titles  to  the  columns,  and  hence 
the  table  is  compactly  arranged  by  interchanging  the  headings  of  the  columns  containing 
these  elements  at  the  top  and  bottom  of  the  page,  and  reading  the  top  reading  for  courses 
from  o*  to  4f,  and  the  bottom  reading  for  courses  firom  45*  to  90^.  This  table  may  be  used 
for  a  great  number  of  problems  depending  for  their  solution  on  the  relation  of  the  seyeral 
parts  of  a  right-angled  triangle,  and  since  all  the  relations  between  any  two  quantities 
may  be  expressed  as  functions  of  some  angle  in  terms  of  the  sine,  cosine,  or  tangent;  it 
nay  be  used,  in  fact,  as  a  general  proportional  table. 

The  Draveree  Table  is  generally  given  in  two  parts.  I.  To  the  j9oiii^  o/the 
eompase ;  and  II.  To  decrees. 

The  course  is  found  at  the  top  of  the  Table,  when  under  4  points  or  45^ ; 
but  at  the  bottom  of  the  Table,  when  it  exceeds  4  points  or  45^  The  first 
column  contains  the  distance  to  60  miles,  the  second  column  contains  the 
differenee  of  latitude,  ezpresaed  in  minutes  and  tenths,  and  the  third  column, 
mmilarly  expressed,  contains  the  departure^  but  if  the  course  exceeds  ± 
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points,  or  4;^,  the  second  column  contains  the  departure,  and  the  third  column 
the  difference  of  hUiiude,  The  other  columns  are  a  continuation  of  the  former^ 
exactly  upon  the  same  principle,  and  extending  to  300  miles  of  distance. 
(See  Tables  I  and  II,  Nobis  or  Bapbb.) 

USB  OP  THE  TABLK 

122.  Given  the  course  and  distancey  to  find  the  difference  of 
latitude  and  departure. 

BTJLE  XL. 

With  the  Course  open  the  Tablee,  and  under  or  above  th$  proper  numhr  of 
points  (or  degrees],  and  opposite  the  distance,  mil  he  found  the  difference  of 
latitude  and  departure. 

()^«._When  the  coarse  is  found  at  the  bottom  of  the  page,  oare  must  be  taken  to  see  that 
the  diff.  of  Ut.  and  the  dep.  are  taken  from  the  proper  oolamn  ahwM  the  words  departure 
and  dif,  lot.  It  mast  be  oarefally  remembered  that  when  the  oonrse  is  leu  than  4  points 
or  45°,  the  Hff,  lat.  exetede  the  dep, ;  hot  when  it  is  more  than  4  points  or  45*"  the  dep,  exeeede 
the  diff,  lot. 

FiXAVPT.Efl. 

Kz.  I.  A  ship  sails  N.W.  ^  N.  a  distanoe of  78  miles :  required  the  differenoe  of  latituie 
and  departure  by  inspection. 

The  given  course  is  3^  points ;  and  referring  to  Table  I  we  find  the  page  atsigned  to  this 
course  to  be  page  14,  Nobdi,  or  page  436,  Bapbb's  Navigation,  in  which  against  78,  in 
oolamn  headed  diat,,  stands  60*3  under  the  head  lot.,  and  49*5  under  the  head  dep,  'We 
oonclude,  therefore,  that  for  the  gi^en  coarse  and  distance,  the  difference  of  latitade  is  60-3 
miles,  and  the  departure  49*5  miles. 

Ex.  a.    Suppose  the  course  to  be  5)  points,  and  the  distanoe  98  miles. 

Then,  sinoe  the  coarse  here  exceeds  4  points,  we  look  for  it  at  the  foot  of  the  page  (page 
10,  Nobis,  or  432,  Kapbb),  and  against  98  in  the  dietanee  oolamn  we  find  in  the  adjacent 
column  (marked  at  the  bottom  dep.  and  diff.  lat.)  dep,  86*4,  and  diff,  lat,  46'a,  so  that  the 
difference  of  latitude  made  is  46*2,  and  the  departure  86*4. 

Ex.  3.    A  ship  sails  N.  40^  £.,  50  miles :  required  the  diff.  of  lat.  and  departure. 

The  course  being  less  than  45*,  is  found  at  the  top  (Table  II),  and  the  distanoe  being 
under  60  miles,  is  found  in  the  left  hand  oolamn ;  therefore,  on  the  page  (56  Nobis)  i<«  40^ 
at  the  top,  and  opposite  to  50  in  the  distance  column  (marked  Diet.)  is  38*3  under  Lat.,  and 
32*1  umifr  Dep.,  the  difference  of  latitude  and  departure  required* 

Ex.  4.    A  ship  sails  N.  64**  W.,  175  miles :  required  the  diff.  of  lat.  and  departure. 
The  course  being  more  than  45°,  is  found  at  the  bottom,  in  page  42,  and  opposite  to  the 
distanoe  175  miles,  is  76*7  ever  Lat,  and  157*3  oper  Dep.,  whioh  was  required. 

(a)    To  find  diff.  lat.  and  dep.  when  there  are  tenths  in  the  distance. 

Take  the  dietanee  ae  an  entire  number  ofmilee,  i.e.,  as  a  whole  number,  and 
find  the  eorreeponding  diff.  lat  and  dep,,  from  eaeh  of  which  cut  off  the  right  hand 
figure,  or  tenths,  and  remove  the  decimal  point  one  place  to  the  left  hand,  which  will 
give  the  required  diff.  lat.  and  dep.  tn  miles  and  tenths  of  a  mile,*  The  tsnthe, 
however,  must  be  increased  by  i,  if  the  figure  cut  off  is  5,  or  upwards. 

•  The  reason  of  this  rule  is  that  the  Trayerse  Table  is  entered  with  a  distance  ten  tmee 
as  great  as  the  given  distance,  and  the  resalting  diff.  lat  and  dep.  is  divided  by  ten.  This 
is  done  by  merely  imagining  the  decimal  point  to  be  remoyed  one  place  to  the  right  before 
entering  the  table,  and  then  one  place  to  the  i!{^  after  taking  oat  the  results  (see  p.  i6,  (lo). 
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Ex.  I.  Course  3I  poinUy  distance  20*3:  required  the  diff.  lat.  and  dep.  correspondiag 
thereto. 

With  coarse  3}  point%  and  dist.  20*3,  taken  as  203,  we  get  the  diff.  of  lat  156*9,  dep. 
iiS'S;  now  cot  off  the  right  hand  figure  of  each  (the  9  and  8},  and  shifting  the  decimal 
point  one  place  to  the  left,  we  hare  diff.  lat.  15*7,  and  dep.  12*9.  It  will  be  obserred  that 
the  tenths  are  increased  bf  i,  in  each  case^  as  the  figore  cnt  off  in  both  cases  exceeds  5. 

Sx.  a*    Required  the  diff.  lat.  and  dep.  correaponding  to  coarse  4^  points,  and  dist,  24*3 


With  course  4)  points,  and  dist.  24*3  (as  243  miles),  we  find  diff.  lat.  154*2,  and  dep.  1 87*7 : 
hence  we  obtain,  after  dropping  the  tenths,  and  removing  the  decimal  point  in  each  one 
place  to  the  left,  15*4  and  18*8,  for  the  required  quaotities.  The  tenths  in  the  dep.,  it  will 
be  obaffYed,  are  increased  by  1,  since  the  figure  dropped  exceeds  5. 

Ex.  3.    A  ship  sails  N.  67*  E.,  distance  29^*5 :  find  diff.  of  lat.  and  dep.  corresponding. 

In  this  ease  take  oat  for  distance  295.    Thus,  for  67®  and  distance— 

295  =  115*3  diff.  lat,  27i'*5  dep. 
. ' .  29*5  ^    1 1*5  diff.  lat,    27**2  dep. 

After  droppbg  the  tenths,  and  removing  the  decimal  point  one  place  to  the  left,  we  have 
difll  lat.  1 1*5  and  dep.  27*2  (the  tenths  of  dep.  is  increased  by  i»  as  the  figure  cut  off  is  5.) 

Ex.  4.  K.  34**  W.,  and  dist.  20*6  miles  (as  206),  give  diff.  lat.  170*8,  and  dep.  115*2, 
dropping  the  tenths  in  each  case  (the  8  and  the  2),  and  shifting  the  decimal  point  one  place 
to  the  left,  we  get  diff.  lat.  17' i  N.,  and  dep.  11*5  W.  The  tenths  of  diff.  lat.  must  be 
incTflaaed  by  i,  as  the  figure  cut  off  (8)  exceeds  5. 

(b)  11  the  distanoe  exceeds  the  limitB  of  the  Traverse  Table. 

Tai»  the  half,  the  third,  &o.,  90  as  to  hring  it  within  the  limits,  taking  care  to 
miiltiply  the  corresponding  quantities  by  2,  3,  &c. 

Ex.  6.    Let  the  course  be  37^  and  distance  435 :  required  the  corresponding  diff.  lat. 
and  dep. 
435  diTided  by  3  gives  145. 

Course  37°,  and  dist.  145,  give  diff.  lat.  115*8  and  dep.  87*3 

X     3  X     3 

Diff.  lat.  347*4      I)ep.  261*9 
If  the  distance  had  been  43*5,  the  diff.  lat.  would  have  been  34*7,  and  the  dep.  26*1. 

(c)  But  when  the  distance  is  between  300  and  600  we  may  proceed  as 
follows : — 

T(Kis  out  diff,  of  hi.  and  dep.  for  300,  and  for  the  excess  of  300 ;  take  the  snm 
of  the  qu4nUities  tkits  found,  out  off  the  last  figure,  and  remove  the  decimal  point 
ash^ore. 

Sx.  7.    Course  65*,  and  distance  526 :  required  the  corresponding  diff.  of  lat.  and  dep. 

Course  65°,  and  dist.  300,  giye  diff.  lat.  126*8,  and  dep.  271-9 
226  95*5  204*8 

526  222*3  476-7 

If  the  distance  were  52*6  we  should  proceed  as  above,  and  then  cutting  off  the  last  figure 
of  each,  and  removing  the  decimal  point  one  pUoe  to  the  left,  the  diff.  of  lat.  is  22*2,  and 
dep.  47-8.  The  tenths  are  increased  by  i  in  the  last  casei>f  dep.,  as  the  flgnve  cut  off  in 
oae  exceeds  5. 
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EZAICFLES  FOB  PbAGTIOK. 

In  each  of  the  following  examples  find  the  difference  of  latitude  and 
departure  corresponding  to  the  given  course  and  distance : — 

Giyen.  Giyen. 

No.  Oonzaa.  I>i«t.  No.  Ootme.  Dist. 

I.        8.S.B.  30  8.        8.  7aOW.  35 

a.       B.by8.  48  9.        N.  ai  W.  14-5 

3.       aw.  i  8.  136  10.       8.  65  W.  25-7 

147 


4*       W.fN.  84  II.        8.  80  W. 

5.  8.B.  by  B.  J B.       56  la.        N.  37  W.  306 

6.  S.W.iW.  aa5  13.        W.  108.  4r8 

34-9 


7.       B.  by  N.  J  N.       183  14.       N.  18  W. 


123.  Qiven  the  difference  of  latitude  and  departure,  to  find 
the  course  and  distance. 

BTTLE  XLI. 

Seek  in  the  Traicm$  TalU  (Table  II)  till  the  diff.  lat.  and  d$p.^  or  th$  quantii%$9 
agrmnff  most  nearly  with  them,  are  found  opposite  each  other  in  the  proper  eohtmne  ; 
to  the  left  or  abreast  of  the  quantities  thus  found,  and  under  ''Dist./'  will  be  the 
distance  made  good:  and  tM  Course  fin  degrees)  must  be  taken  from  the  top  of  the 
page  when  diff.  lat.  is  greater  than  the  dep. ;  but  from  the  bottom  of  the  page 
when  the  dep.  is  greater  than  the  diff.  lat. 

The  Course  wiU  have  the  same  name  (from  N.  or  S.  towards  E.  or.  W.)  as 
fhe  diff.  lat.  and  dep.  made  good, 

NoTL^Always  aeek  for  tha  larger  of  the  two  giyen  numbera  ia  tbe  colimm  next  the 
diataaoe,  yIb.,  the  colonm  marked  *'Diff.  Lat."  at  the  top,  and  examine  page  after  page, 
until  the  smaller  number  is  foand  by  its  side  in  the  column  marked  ^'Dep."  at  the  top; 
being  careful  to  remember  that  when  diff.  lat.  i$  greater  than  the  dep.  the  course  %eUl  heat\h» 
top;  otherwise  it  it  to  b$  found  at  the  bottom. 

(a)  When  the  diff.  lat.  and  dep.  on  two  suooessiye  pages  of  the  Traverae 
Table,  appear  to  be  equally  near  the  given  diff.  lat.  and  dep.,  neither  page 
giving  viJues  actually  corresponding  to  them,  take  a  course  midway  between 
those  on  the  two  successive  pages  as  the  course  actually  made  good. 

(b)  If  the  difference  of  latitude  and  departure,  or  any  of  the  sides  of  the 
proposed  triangle,  should  exceed  the  limits  of  the  Traverse  Table,  they  may 
be  divided  by  any  number  that  will  bring  them  within  these  limits,  and  then 
the  results  from  the  Table  multipUed  by  the  same  number  will  give  the 
required  parts  of  the  proposed  triangle;  observing  that  the  angle  or 
course  most  in  no  case  be  multiplied  or  diTlded,  because  the 
course  will  be  the  samCy  whether  determined  to  the  whole  difference  of 
latitude  or  departure,  or  by  using  an  aliquot  part  of  the  same. 

(c)  In  certain  extreme  cases,  as  when  diff.  lat.  and  dep.  are  very  small, 
the  course  cannot  be  found  correctly  as  above,  since  the  diff.  lat.  and  dep. 
may  be  found  to  agree  in  their  respective  columns  for  several  successive 
pages  of  the  table.  In  such  cases,  the  diff.  lat.  and  dep.  may  be  multiplied 
by  10,  and  the  products,  when  foimd  to  agree  in  their  respective  columnsi 
will  give  the  correct  course ;  but  the  distance  from  the  table,  divided  by  10, 
will  give  the  oonect  distance. 
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EXUCPLSS. 

Ez.  I.  A  ship  haying  sailed  between  the  N.  and  £.,  until  her  difference  of  latitude  is 
199  mile%  and  the  departure  144*6 :  required  her  course  and  distance. 

In  page  53,  Kobis,  or  page  474,  Rapbu,  these  quantities  will  be  found  to  correspond  with 
246  in  the  distance  column,  and  with  the  angle  36**  found  at  the  top  of  the  table  (the  diff« 
111.  being  greater  than  dep.) ;  the  course  is  therefore  N.  36°  E.,  and  distance  246  miles. 

Bz.  s.  A  ship  has  made  upon  one  course  36  mUes  diff.  lat.  to  the  northward,  and  58 
miles  dep.  to  the  westward :  required  the  course  and  distance  run. 

Look  £ar  58  and  36  in  two  adjoining  columns  marked  "diff.  lat."  and  "dep."  at  the  top. 
In  the  table  will  be  found  57*7  and  36-0  abreast  of  each  other.  In  the  same  line  at  the  dist« 
GOhnnn  will  be  found  68,  the  distance  sought.  As  58,  the  dep.,  is  greater  than  diffl  lat.  36, 
the  oovrso  is  taken  from  the  bottom  of  the  page.  It  is  58*.  As  the  ship  has  gone  to  the 
N.  and  W.,  the  oonne  she  has  made  is  N.  58"  W. 

Ez.  3.  A  ship  having  sailed  betwen  6.  and  W.  until  her  difference  of  latitude  is  40 
miles,  and  her  departure  139*4  miles :  required  the  course  and  distance. 

In  page  3s,  Kobib,  or  page  454,  Rapir,  the  coarse  answering  to  diff,  UaUude  40  miles, 
and  d0partw^0  '39*4  miles,  corresponds  with  the  angle  74*,  at  the  bottom  of  the  table,  and 
opposite  the  distance  145  miles ;  the  coarse  is  therefore  8.  74*  W.,  and  distance  145  miles, 
which  were  required. 

Bz.  4.  GiTcn  the  diff.  lat  24o'-o  8.,  and  dep.  208*6  E. ;  required  the  corresponding 
oouise  and  distance.    (8ee  Rule  ZLI,  (b),  page  114.) 

As  both  diff.  lat  and  dep.  ezceed  the  limits  of  the  table,  divide  them  by  1,  so'asto  bring 
thsm  within  these  limits,  tiius  :— 

Biif.  lat.  Dep. 

2)240*2  2)208-8 

1 20' I  '04'4 

Then  seekiag  for  120*1  and  104*4  ^  two  adjoining  columns  marked  "diff.  lat."  and  ^'dep." 
at  the  top.  In  the  Table  are  found  i2o''o  and  104*3  abreast  of  each  otiier.  In  the  same 
line  in  the  distance  column  will  be  found  159,  which  must  be  multiplied  by  2  (the  number 
the  diff.  lat.  and  dep.  were  'divided  by),  the  product  318  is  the  distance  sought  As  120*1, 
the  diff.  lat,  is  greater  than  the  dep.,  the  course  is  taken  from  the  top  of  the  page.  It  is 
4l^    As  the  ship  has  gone  to  the  8.  and  E.,  the  coarse  she  has  made  is  8.  41°  E. 

El.  5.    (Hven  diff.  lat.  x'*o  and  dep.  o''i :  to  find  the  corresponding  course  and  distance. 

Here  diff.  lat  i'*o  and  dep.  o'*i  are  found  in  tables  to  gire  as  course  3*,  4%  5*,  6%  7%  and 
r ;  now  which  is  the  correct  answer  in  this  case  P 

Multiplying  diff.  lat.  and  dep.,  say  by  10,  we  obtain  diff.  lat.  io'*o  and  dep.  i'*o;  these 
are  found  in  the  tables  to  correspond  to  course  &*  and  distance  10  miles.  Diyiding  the 
distance  by  10  gives  i  (dividing  by  10  as  the  tables  were  entered  with  Un  times  the  diff. 
1st  and  dep.)«  hence  course  &*  and  distance  i  mile. 

Etampt.tw  fob  Pbaohob. 

In  each  of  the  following  examples  the  difference  of  latitude  and  departure 
are  giyen,  to  find  the  corresponding  coarse  and  distance. 


Giver 

I. 

Oiren. 

Ko. 

DULLai. 

Dep. 

No. 

Diff.  Lat.               Dep. 

72*7  S. 

250  E. 

6. 

37*9  N.            3^-4  B. 

71-3N. 

171*7  B. 

7- 

53*3  8.             760  W. 

640  N. 

146*9  W. 

8. 

i6o*7  8.             165  W. 

98*6  S. 

37  5  E. 

9. 

172-6  8.              7*9  W. 

4156  N. 

2400  W. 

10. 

164*2  N.          2628  E. 
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TRAVERSE  SAILING. 


124.  Traverse  Sailing  is  the  case  in  plane  sailing  when  the  ship 
makes  several  courses  in  succession,  the  track  being  zigzag,  and  the  direction 
of  its  several  parts  ''  traversing,"  or  lying  more  or  less  athwart  of  each  other. 
For  all  these  actual  courses  and  distances  run  on  each,  a  single  equivalent 
imaginary  course  and  distance  may  be  found,  which  the  ship  would  have 
described  had  she  sailed  direct  for  the  place  of  destination.  Finding  this 
course  is  called  "Working  a  Traverse." 

In  order  to  do  this,  the  difference  of  latitude  and  departure  for  each  distinct 
course  must  be  found,  and  the  agregate  of  the  several  differences  of  latitude 
and  departure  taken  for  the  single  difference  of  latitude  and  departure  which 
would  be  made  by  sailing  from  the  place  left  to  that  reached  on  a  single 
course.  The  determination  of  this  course,  and  the  corresponding  distance, 
is  then  to  be  effected.* 

125b  In  resolving  a  traverse,  it  is  usual  to  take  the  diff.  lat.  and  the  dep. 
due  to  each  of  the  component  courses  from  the  Traverse  Table ;  hence  we 
proceed  by  the  following 

BULB  XLH. 

i^.    Draw  out  a  form  ttmilar  to  thai  g%v$n  in  (he  following  example, 

2^.  In  the  eoktmn  headed  Oourses,  enter  eaeh  eouree  in  eueeeeeion;  and  in 
cokimn  Dist.,  enter  the  dietanee  run  on  eaeh  eouree. 

In  eatering  the  cparsea  in  the  appropriate  oolamn,  reckon,  in  each  caae,  the  points,  and 
firaotional  parts  of  a  point,  from  the  North  or  South,  whichever  is  nearest,  and  write  them 
down  as  in  the  followiag  example. 

3<'.  Take  out  of  the  Traverse  Tables  (Table  I  or  11,  Bapbb  or  Nobis),  the 
differenoe  of  latitude  and  departure  to  eaeh  eourse  and  distanee,  and  enter  the  lati' 
tude  in  column  N.  or  S.,  and  the  departure  in  column  E.  or  W.,  according  to  the 
name  of  the  course. 

Thus,  if  the  ooarse  is  S.R.  by  S.,  the  differenoe  of  latitude  must  be  entered  in  the  column 
8.,  and  the  departure  in  the  column  E. ;  if  the  oourse  is  W.  ^  N.,  the  differenoe  of  latitude 
must  be  entered  in  the  oolumn  N.,  and  the  departure  in  the  column  W. 

ja.  When  the  eouree  ie  exactly  North  or  South,  the  dietanee  and  diff,  lat,  are 
the  same,  there  ie  no  departure,  and  the  whole  distance  ie  entered  ae  difference  of 
latitude  in  the  corresponding  column  N.  or  8.,  as  the  case  may  be ;  so  also  when 
the  course  is  due  East  or  West,  the  departure  is  identical  with  the  distance, 
there  is  no  differenoe  of  latitude,  and  the  whole  distance  run  is  entered  as 
departure  in  theB.orW.  column,    (See  pages  i  i8-i  19,  Exs.  2,  3,  and  5.) 

*  The  plane  sailing  formula— 

Dep.  =  Dist.  X  Sine  course  (i) 

D.  Lat  =  Dist.  X  Oos.  course  (a) 

give  for  eaoh  course  and  distance  the  oorresponding  departure  and  differenoe  of  latitude ; 

and  taking  the  algebraic  sum  of  all  the  diff.  lats.  and  dep.,  we  get  the  oourse  from  formula 

Tang,  oourse  =  ^^ 

and  then  the  distance  from  formulic  (i)  and  (2}.  But  snoh  oomputations  are  tedious  and 
unnecessary,  and  the  TrcwtrH  Table,  which  gives  these  by  Inspection,  is  used  to  obviate  the 
nectaeity  of  computations. 


Digiti: 


zed  by  Google 


J^WferuilSmUnf. 


117 


'  4^  Add  ih0  diff.  of  Ms.  tn  each  column,  and  write  the  sum  at  the  bottom  of  each, 
write  the  less  of  the  two  Bume  under  the  greater,  and  take  their  difference.  Do 
the  same  with  the  departure. 

5^  These  differences  are  the  diff.  lat.  and  dep.  made  good  on  the  whole,  and  each 
takes  the  name  of  the  column  it  stands  in. 

6^    The  oonrse  and  distance  are  then  found  by  Bule  XL,  page  112. 

Note. — (a).  When  there  is  no  resulting  departure  the  Trayerse  Table  need  not  be 
referred  to,  aa  the  ship  has  returned  to  the  same  meridian,  and  the  course  made  good  is 
North  (N.)  or  8outh  (S.)f  aooording  as  the  diff.  lat.  is  North  or  South,  and  the  distance  is 
equal  to  the  diff.  lat.    (See  Example  5,  page  1 19.) 

{h).  Similarly,  when  there  is  no  resulting  difference  of  latitude,  the  course  made  good  will 
be  either  East  (E.)  or  West  (W.)  as  the  departure  made  good  is  East  or  West,  and  the 
distance  will  be  of  equal  value  with  the  difforence  of  departures.    (See  Ex.  4,  page  1 19.} 

(e).  Should  the  difference  of  latitudes  and  also  the  departures  balance  each  other,  in 
which  ease  the  ship  will  have  made  good  neither  difference  of  latitude  nor  departure,  the 
Tessel  must  bo  considered  to  have  returned  to  the  place  from  which  she  set  oat. 

It  may  be  advisable  for  a  beginner,  before  he  proceeds  to  take  out  the  quantities  from  the 
IVayeree  Tables,  to  write  a  da$h  in  all  the  places  fwt  to  be  occupied  by  a  difference  of  lati- 
tude or  departure,  in  order  to  avoid  writing  a  quantity  in  the  wrong  columo.  Such  helps, 
however,  are  useless  to  an  expert  computer. 

Examples. 

Ex.  f.  A  ship  from  the  Dudgeon  Light,  in  lat.  53°  19'  K.,  sails  S.S.E.  J  E.,  8  miles; 
B.N.B.,  23  miles;  N.W.  by  W.  J  W.,  36  miles;  B.  }  N.,  48  miles;  and  N.W.  4  W.,  46 
miles:  required  the  latitude  arrived  at,  also  the  course  and  distance  made  good. 

s! 

M 

^1 
!3S 


Oouries. 

Dist. 

Diff.  Lat. 

Departure. 

N. 

8. 

B. 

W. 

8.8.E.iE =  8.  ai*>B.« 

B.NJ: =N.  6    B. 

N.W.byW.JW.  =  N.5j  W. 

B.*N !...=N,7Je. 

N.W-iW =  N.4i  W. 

i 

46 

Ti 
170 

7-0 
S9-, 

7*2 

34 
ar3 

47*5 

35-6 

*  The  ooones  are  given  in  this 
double  fonn  merely  as  an  illustra- 
tion of  the  method  of  using  them. 

6ao 
7-1 

7'* 

72-a 
67-4 

674 

54-8 

4-8 

si 

i-r52. 


SspiaHatioH.-^Th9  oouTsea  and  distances  are  entered  in  their  proper  oolunms,  in  the  same  order  as  they 
stand  in  the  question ;  then  in  Traverse  Table  I,  ^'osxs  or  Rapkb,  the  di&  lat.  and  dep.  to  each  course  and 
dlstaaoe  is  found  and  entered  in  their  proper  column.    (See  Bule  XLII, }«). 

The  sum  of  the  respective  columns,  If .,  S.,  E.,  and  W.,  is  next  found,  and  set  down  at  the  bottom  of  each 
odhimn,  and  the  difference  between  the  Northing,  vis  ,  6a-o,  and  the  Southing,  viz.,  7%  is  taken,  which 
leaves  54-8  N.,  which  is  the  Diff.  lat  made;  the  difference  between  the  Easting  71*3,  and  Westing  67-4,  leaves 
4-8  B.,  departure. 

We  proceed  in  the  next  place  to  find  the  course  and  distance  made  good, 
ihne: — 

This  is  an  illustration  of  the  remark,  that  when  the  diff.  lat.  is  more  thaa  the  dep.,  the 
course  is  less  than  4  points,  or  45^  (see  Bule  XLI,  page  1 14},  and  it  is  named  from  the  N. 
towards  the  B.,  sinoe  the  diff.  lat  is  N.  and  the  dep.  B. 

Lat  left  (or  sailed  from)  Dudgeon  Light  53''  19'  N.  \ 

Diff.  lat.  54«S  =    55  ^*  (     Lat  in  is  found  aoooiding  to 

—         I  Bule  XXVI,  !«,  page  80. 
Lat.  in  (or  arrived  at)  54  14  N.  / 
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Ex.  2.  A  ship  from  Gape  Espicheli,  in  lat.  38*  25'  K.,  sails  as  follows :  S.W.  by  'W.,  %% 
miles;  'W.  by  K.,  ^$  miles;  t^est,  47  mfles;  S.E.  |  S.,  25  miles;  8oath,  loi  miles; 
W.  i  S.,  7a  miles :  required  the  latitude  in,  also  the  course  and  diKtanoe  made  good. 


Courses. 

Dist. 

Diff.  Lat. 

Departure. 

N. 

8. 

E. 

W. 

8.  c'W 

s8 
SS 

47 

lOI 

7* 

IO-7 

i5-« 

20*I 

loro 
IO-6 

23-3 

53*9 

47-0 

N.7  W 

W.*     

8.  tiE 

6.«  *  .....:;;..;:.; 

71-2 

8.  7i  W 

•8e«BuleXLII,3o, 
page  116. 

1 0-7 

147*3 
IO-7 

H-9 

»9S*4 
149 

1366 

180-5 

We  seek  in  the  Traverse  Table  till  the  diff.  of  lat.  1 36-6,  and  dep.  1 80*5,  are  found  opposite 
each  other,  in  their  respective  colamns;  the  nearest  to  these  are  180*5  ^^^  '3^*^»  whioh 
give  the  course  (at  the  bottom  of  page,  dep.  being  the  most)  8.  53*'  W.,  and  distance  226'. 
This  is  an  illustration  of  the  remark  in  Rule  XLI,  page  114,  that  when  the  departure 
exceeds  the  difference  of  latitude,  the  course  is  more  than  45°. 


Lat.  left 
Diff.  lat.  r36'6 


38*25'N. 
t=  2  17  8. 


Lat  in  (or  arrived  at)      36    8  N.  > 


The  lat.  in  is  found  ocoording  to 
Rule  XXY I,  a%  page  So. 


Bx.  3.  A  ship  from  lat.  37**  24'  8.,  sails  the  following  true  courses: — S.W.  by  8.,  ao 
nules;  West,  16  miles;  N.W.by  W.,28  miles;  B.8.E.,32  mifes;  E.N.E.,  14  miles;  S.W., 
36  miles :  required  the  lat.  in,  also  the  course  and  distaUce  made  good. 


Courses. 

Dist. 

Diff.  Lat. 

Departure. 

N. 

8. 

E. 

W. 



II'I 
160 
»3'3 

255 

8.  3«W 

20          — 

18     1      15-6 

3»     ,     

'4    1       5-4 
36    ; 

i6-6 

29*6 
»5-5 

12-3 

129 

W.»     ..••., 

N.5  W 

8.  2  E 

N.  6  B. 

8.  4.  VV^ 

•  See  Rule  XLIIyja, 
page  116. 

2I*0 

71-7 

21'0 

25-2 

75*9 
252 

507 

50-7 

We  seek  in  the  several  pages  of  the  Traverse  Table  II,  for  the  diff.  lat.  50*7 ;  and  dep. 
50*7 ;  the  nearest  found  to  these  lire  diff.  lat.  50*9^  dep.  50*9,  give  course  8. 45®  W.,  distance 
72  miles. 

The  diff.  lat.  and  dep.  being  of  equal  amount,  the  course  is  45°,  or  4  points. 

Lat.  left  ^7**  24'  8.  \     The  lat  eailel  from  beinff  South,  and  the 

Diff  lat   co'T  —  CI  8   r  "hip  haying  sailed  South,  the  ship  has  evi* 

um.  lat.  50  7  —  5»  o.  J  Gently  increased  her  South  lat.,  Aence  the 


Lat.  arriyed  at 


sum  of  lat.  from  and  diff.  lat  Is  taken  to  obtain 
lat  in.— (See  Bole  XXVI,  1*,  page  80. 
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Bx.  4.  A  ship  from  lat.  46®  20'  N.,  tails  (all  true  ooarses)  N.  72**  E.,  a  i  milM ;  N.  38*  E., 
i7milM;  8.26"*  W.,  13  miles;  8.  73^'B.,  19  miles;  S.  i^W.,  19  miles;  8. 65° E.,  48  miles; 
N.  76®  E.y  19  miles;  N.  48^  E.|  48  milea:  required  the  lat.  in,  also  the  course  and  distance 
madegood« 


OonrscB. 

Disi 

Diff.  Lat. 

Departure. 

N. 

8. 

E. 

W. 

N.72'B.     

N.38  B 

21 

6-5 
13-4 

4-6 
321 

11-7 

19*0 
203 

1 

20*0 
10-5 

i8*a 

1 8-4 
35-7 

57 
03 

8.  26  W. 

8.  71.B,     

S.    I  W, 

8.  6c  E 

N.76  B 

N,48  B 

566 

566 

146-3 
6-0 

6-0 

140-3 

Goiine  due  East,  and  dist  140*3,  the  same  as  the  departure.    (See  £ule  XUI,  6°,  Note 

W.P««»"7)- 

The  TraTeiM  Table  being  flUed  up,  the  sums  of  the  Northings  and  Southings  axe  both  56*6,  and  b«ing  of 
eontnury  dizeotions,  show  that  the  ship  has  retarned  to  the  same  parallel  of  latitude  which  she  sailed  ftom. 
The  sam  of  the  Eastings  is  146-3,  and  that  of  the  Westings  6'o ;  their  diflecenoe,  140*3,  shows  that  the  ihip 
has  gaiiied  so  muoh  to  the  Eastwaid,  that  being  the  greater.  Consequently  the  Cowru  is  due  JSm^  and  the 
JNftoiMs  140-3,  the  same  as  the  departure. 

Es.  5.    A  ship  from  a  place  in  lat.  i^  ^  8.,  sails  the  following  true  courses:— K.  17*  B, 
13  milea;  North,  38  miles;  N.  a7°E.,  18  miles;  N.  79*  B.,  25  miles;  8.  83*  W.,  23  miles; ' 
8.  48*  E.,  25*1  miles ;  N.  48^'  W.,  27*1  miles ;  N.  36^  W.,  21  miles :  required  the  latitude 
in,  also  tlve  ooune  and  distance  made  good. 


Goufsea. 

I>i0t. 

Diff.  Lat. 

Departure. 

N.            8. 

B. 

W. 

N.  i7»E.     

38 

25 
23 
25*2 

27'I 

21 

12-4    ! 

*-'     ,.8 

3-8 

8-2 
»4-5 

i8-7 

22-8 

20-I 
12-3 

North*       

5f.27  B 

N.79B. 

8.  83  W 

8.  48  B. 

181 
170 

16-9 

N.48W 

N.36  W ,.... 

•  See  Sole  XUI,  3a, 
page  116. 

106-3 
19-7 

19-7 

55'* 
55'* 

55'* 

86-6 

The  TtaTerse  Table  being  completed,  the  sum  of  the  Northings  is  106*3,  and  the  sum  of  the  Southings  is 
197,  the  dilfetenoe  86'6,  and  to  that  amount  the  ship  has  altered  her  latitude.  Ihe  miles  of  departure  in 
the  East  axe  53*1,  and  thoee  in  the  West  column  are  also  52*2 ;  but  as  the  East  and  West  departures  destroy 
one  another,  there  is  no  resulting  departure,  and  therefore  it  is  not  necessary  to  refer  to  the  TruTerse  Table. 
The  ship  is  under  the  same  meridian  as  she  sailed  from;  consequently,  the  ooune  is  due  North,  and  the  dis- 
tance sailed  is  equal  to  the  diiL  lat.,  ris.,  96-6,  This  is  according  to  Bule  ZLII,  60,  Note  (a),  page  n?. 
Latitude  left  x^  5'  S.  \ 

Diff  lat.  6,0)8.6-6  J     The  ship  Ufas  i»  5'.  «  ^5  miles,  8.  of  the  equator, 

xrubiM.  9,9jo,%>  w  1  j^nrte^en^be in  N.  lat.  after  making  87 nSilesoi 

,^  ^   >  Northing.    Thus,  in  subtracting  one  of  the  quantities 

I  26-0  ^  I  27  M.  i  from  the  other,  the  diiference  takes  the  nams  of  the 
— —        1  gxeater.   Bule  XXVI,  page  80. 
Latitudein  o  as  N./ 

Hm  ooune  ia  North,  and  diat.  86*6,  the  same  aa  diff  lat 
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Examples  fob  Praotice. 

I.  A  fhip  feom  the  Texel  in  lai  52*  58'  N.,  aaiU  W. by  N.,  44  miles;  8.  by  E.,  45  miles . 
W.  by  S.,  35  miles ;  S.S.E.,  44  mili  s ;  W.S.W.  )  W.,  4a  miles :  flad  difi.  lat.  and  dep.,  the 
couTee  and  diet,  made  good,  also  the  lat.  arrived  at. 

a.  A  ship  from  He'igoland,  lat^  54*^  la'  N.,  sails  W.8.W.,  la  miles;  N.W.,  24  miles; 
8.  by  W.,  20  miles ;  N.W.  by  W.,  32  miles;  8.  by  B.,  36  mUes ;  W.  by  N.  )  N.,  42  mUes ; 
6.8.E.  }  E.,  16  miles;  W.  (  N.,  45  miles :  required  diff.  lat.  and  dep.,  course  and ditt  made 
good,  also  the  lat.  ai rived  at. 

3.  A  ship  sails  from  lat.  3*  50'  N.,  sails  8.S.W.,  112  miles;  8.  by  E.,  86  miles;  8.8.E., 
112  miles;  8.  by  W.,  86  miles:  find  diff.  lat.  and  dep.,  the  course  and  dist.  made  good, 
also  the  lat.  arrived  at. 

4.  Yeslerday  ite  were  in  lat.  19^  8.,  and  since  then  have  sailed  8.E.  }  8.,  13  miles; 
6.  by  E.,  19  miles;  8.E.  by  E.,  22  miles;  E.  by  8.  J  8.,  3a  miles;  N.N.E.,  20  miles; 
N.  by  W.  i  W.,  27  miles ;  N.E.  by  E.  ^  E.,  24  miles ;  8.W.  J  8.,  10  miles. 

5.  A  ship  from  lat.  i^  N.,  sails  East,  8  miles ;  E.  J  N.,  20  mil^s ;  S.E.  by  K,  33  miles; 
8. 1 W.,  3 1  miles ;  N.E.  i  N.,  43  miles ;  South,  a8  miles ;  8.  |  E.,  a i  miles ;  8.  by  W.  i  W., 
I  a  miles:  requ'red  diff.  lat.  and  dep.,.  course  and  dist.  made  good,  and  also  the  lat.  in. 

6.  Aship  from  lat.  i<»  10'  N.  sails  K.  40''  W.,  20 miles;  8.  56''  W.,  51  miles;  8.  19*  W., 
]9mile8;  S.48*W.,  16 miles;  N.  85"  E.,  aSmiles;  8. 44**  E.,  15  miles;  N.  a 2*  W.,  25 miles ; 
8.  9°  E.,  54  miles :  find  diff.  lat.  and  dep.,  courM  aad  dist.  made  good,  also  the  lat.  in. 

7.  Ashipfromlat.  47*'ia'N.sails8.3i*>W.,  i6miles;  N.7a°E.,  i3'-i;  8.5a^W.,  15'; 
8.44'E.,  i5'-i;  N.44'W.,  i9*-7;  N.77'E,ir-4;  8.4o»W.,i6';  8.i4*»E.,6':  requir«d 
the  course  and  dist  made,  the  lat.  arriTod  at,  and  the  dep.  made. 

8.  8inoe  leaving  lat.  340  11'  K.  we  have  sailed  the  following  courses  r-i-K.  36**  W.,  27'; 
N.  a4'  E.,  30';  S.  75«  W.,  47';  8.  8o»  W.,  29';  N.  72*  W.,  4a';  N.  78*  W.,  34';  8.  la*  B., 
28' :  required  the  course  and  dist.  made,  the  lat.  arrived  at,  and  the  dep.  made. 

9.  8ince  leaving  lat.  36''  35'  6.  the  ship  has  saUed  N.  84'  W.,  18';  N.  89<»  W.,  3o'*4; 
N.  6f  W.,  a9'-9;  N.  39*  W.,  33'-9;  N.  8<»  W.,  a5'-9;  N.  73-  W.,  34'-9;  N.  86^*  W.,  44*7  J 
8.  65°  E.,  56':  required  the  lat.  arrived  at,  and  the  course  and  dist.  made  good. 
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126a    When  two  places  on  the  same  parallel  of  latitade,  or  due  East  or 

West  of  each  other,  the  distance  between  them,  estimated  along  a  paralleli 

or  E.  and  W.  (which  is  all  departure),  is  oonverted  into  dijbrence  of  longitttde ; 

.  or,  on  the  othinr  Iiand,  the  dUTerence  of  longitude  is  oonverted  into 

dtatiance  by  7arallel  Sailing. 

Siaoe  the  meridUnt  are  all  parallel  to  the  equator  and  meet  at  the  poka^  the  distaaoa 
between  any  two  meridianf » meaanred  East  and  West,  Is  leaa  ai  the  latter  is  greater— that 
is,  the  0H9bM$  mmher  of  miU$,  or  of  feet,  in  a  de^pree  of  longitude  is  less  as  the  la^ta^e  in 
iHkioh  they  are  measnred  is  greater^  uenoe,  also/ a  given  namber  of  miles  between  two 
mmimDA  o^esHVid  ^  a  gr^aipr  dUTerenee  of  lop^tadc^  as  the  latitude  in  whiph  th#y  are 
.imaaauiii^  if  ^matei^  For  ezamplis,  iwp' plaices  in  lat.  lo^  and  <&8tanoe  60  mil^  East  and 
'Weet  from  eaen  other,  &aye  60^**9  diff.  long,  tn  lat.  i$o<>  N.  or  '8^  two  ^Ikc^  simllktiy 
sltoatod  haye  a^  o'  diff.  long.,  while  at  ys*"  the  diff.  long,  is  3*  25'.  Qaestions  Of  tids  lEtfld 
an  sdlTod  by  Parallel  Sailing. 

tn*%is  si^li^  then  a  ship's  trlidkls  stppoted  to  be  6ii  apta^MUfUmii, 
BB  ficom  ▲  to  B  <aee  Vig.  31,  page  htz).  19ie  latitude  of  A  or  of  B  is 
repreeented  by  AD  or  BL. 

Ihe  Hf.  lom§.  between  A'^andB  Is  ^e  arc  of  the  equator,  DL. 

The  azo  AB  is  the  departuh  (or  meridian  distanoe)  between  A  and  B. 

BY  SPrfi6lOAL'a?fel(3K)NOMBTET 
It  may  be  proved  that 

The  aro  AB  of  the  parallel  .  _.  -or/        -a:  x 

Tte  are  DLof  the  equator  =  OOS.  A  D  or  COS.  BL  (see  Rg.  31), 

*•*  ^  dii^^^g.  =  ^^^  ^*'»  whence  the  following  fonnuIsB, 

-  _*2:-l*l-'fl«- Ut  ;  (When  the  Ut  of  the  parallel  knddfltloliglbeeweto  tile 
A  ^jt  Umg,  -^  ''^  "**^  {  two  plaees  artf-given;  to  find  the  d^:  (or  mer.  diet.) 
^  *.  dep.  =  diff.  long.  COS.  lat.  (     between  the  two  places. 

-.      djitl^. _ „"  1.*  (When "Ihe* dep.  (or  mer. distj lEetweenih^'tU piaoes abd 

.3^'^  '\     4e  lat  pf  the  nmllel  are  given:  to  find  the  £C  long. 

.'.^no1ig.=:d^.aeo.lat  (    betweenlhe t^^aoes.  ^ 

1-:^  ♦-tf^  (W;j«tiie,dep.(jii;^^^^ 

B 
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OASE  A. 
127a    Given  the  departure  made  good  on  a  given  parallel  of  latitudey  to 
find  the  difference  of  longitude  corresponding  thereto. 

Etamft.eb. 


Oivea  AB  =  dep.  (or  mer.  diat.)  =  240  miles 

AD  =  BL  =  Lat.  50" 
To  find  D  L  =  required  diiF.  long.    (See  Ex.  i.) 

Theii^  =  Bec.AD, 


.  * .  diff.  long.  =  dep.  X  see.  lat 
log.  diff.  long.  =  log.  dep.  +  log*  soc  lat.  —  16* 


Hence 

BXJLE  XLHI. 

i"".  Take  out  of  th$  IhhUt  (XXIVi  Nobie,  or  67,  Bapib)  the  log.  of  the 
thparU$r0,  and  the  log.  of  secant  of  the  latitude  (Table  XXY,  Nobis,  or  Table 
68|  Bapib). 

2^  Add  these  logs,  together  and  find  the  natural  number  corresponding  thereto 
(XXIYi  NoBiBy  or  67,  Bapbb)  :  the  result  is  the  diff.  of  longitude  required. 

Ex.  t.  A  ship  in  the  parallel  of  50^  N.  latitude  makes  240  miles  of  departore:  find 
the  ooixesponding  differenoe  of  longitude. 

340=   3*380211 
5o«»  =  10-191933 


Log.  dep. 
Log.  seo.  lat 

Log.  diff.  long.        =   a'57aM4 
.  ■ .  diif,  long.  =  373*4. 

By  Inspection. 

EULB  XLr7. 

With  the  latitude  of  the  parallel  as  a  Course,  and  the  dep.  as  diff.  lat.,  enter  the 
Traeerse  Tahle,  and  the  corresponding  distance  will  be  the  diff.  long.  repUred. 

ExAVPLB  (above).— Entering  the  Traverse  Table  with  50^  as  Churu,  and  one-half  the 
departure  120  (the  whole  dep.  240  being  too  large  for  the  Tables)  as  d(f.  M.^  the  cor- 
responding disU  1S7  multiplied  by  a  :=  374  will  be  the  diff.  Umg.  required. 


IS 


Ex.  a.    In  lat.  71*  25'  N.,  the  dep.  made 
;ood  was  71}  miles:  required  the  diff.  of 


ng. 


Lat.7i*>25' 
Dep.  71*25 


Secant  0*496640 
Log.     1-85*785 


Diff.  of  long.  123*6  neariyi 


34^*5 


Ex.  3.    In  lat.  80*,  the  dep.  made  good 
was  80  miles :  required  the  diff  of  long. 

Lat.  800  Secant  0760330 

Dep.  80  Log.     1*903090 

Log.    a'663420 
Diff.  of  long.  4607. 


Digiti: 


zed  by  Google 


JParalM  Sailing. 


ttZ 


CASE  B. 

128a    GiYon  the  dififorence  of  longitude  of  two  places  on  the  same  paralleli 
to  find  their  distance  as  measured  along  the  parallel. 

ExAlffPT.KS. 

Kg.  3a. 

Given  AD  =  BL  =  Lai  55<' 

D  L  =  diff.  long.  ^  300  milef  • 
To  find  A  B  ^  required  dep.  (or  mer.  diet.) 

Then ^  =  008.  AD 


. ' .  dep  =  difC  long.  X  cof .  lat 
.  log.  dep.  =  log.  diC  long. + log.  cos.  lat.  —  lo. 


BTTLE  XLV. 

To  ihe  log.  of  the  diff.  of  hng.  add  the  oosino  of  laL :  the  turn  (rejecting  10) 
w  hg.  of  tha  diotanoo  roquirod. 

Ex.  f .  A  ship  on  the  parallel  of  55°  N.  (or  8.)  latitude  makes  300  milee  diff.  of  longitude: 
find  the  corresponding  departure  (or  meridian  distanoe). 

Log.  diff.  long.   300  =  2*477 1 3 1 
Log.  oo».  lat.       55°  =  9*75*59  ^ 

Log.  dep.  =  2*2357 11 

.' .  Dep.  (or  mer.  diet)  =  172*1. 

£y  Ifupoction. 

BTTLE  XLVI. 

With  the  latitude  of  the  parallel  at  Course,  and  the  diff.  long,  ae  distanoe, 
enter  the  Traperee  Tehlee,  and  the  eorreeponding  diff^  lat  will  he  the  departure 
npdred. 

Ex.  (above).  Entering  the  Trayeree  Table  with  55^  aa  a  Oomu^  and  300  in  diet,  oolumn, 
the  eorreeponding  diff,  lot.,  172*1,  will  be  the  corresponding  dep.  required. 

Ex.  2.  Required  the  distanoe  between  St.  Abb's  Head,  in  latitude  55^  55'  N.,  longitude 
2*  10'  W.,  and  Uraniberg  in  the  same  latitude,  but  in  longitude  12°  52'  £. 

Longitude  of  St.  Abb's  Head  2®  10'  W, 
Longitude  of  Uraniberg         12  52  E. 

»5    » 
60 

Difference  of  longitude  90a  miles. 

Log.  distance  =  log.  diff.  long,  -f-  log.  oosine  lat.  —  10. 

Log.  diff.  long.    902  =:  2*955207 
Log.  oos.  lal.  55"  55'  =  9748497 

Log.  distance   505^*5  :=  2*703704 
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129«    (Hyen  the  meridian  diBtance  and  difference  of  longitude :  to  find 
the  latitude, 

EULE  XLVn. 

Drorn  the  log.  of  mmHun  dioianeo  or  dep.  (adding  lo  to  the  index)  ouUraei 
tto  hg,  ofdiff,  long. :  iko  romaindor  to  log.  cooino  0/ latitude. 

E3UMPLB8. 

Ex.  I.    On  what  parallel  of  laUtade  most  a  ship  sail  150  milef  dae  Eut  or  Weat  to 
change  bar  iongitode '300. 


GtTen  A  B  =  dep.  (or  mer.  diet.}  r=  150  milea 

D  L  =:  diff.  long.  =  300    „ 

To  find  AD  =  B  L  =  laUtade  required. 

. ' .  Lo^.  008.  lat  ~  10  =:  log.  dep. — log.  diff.  long, 
or,  Log.  008.  lat  =  10  -|-  log.  dep.  —  log.  di£  long. 


150=  12*176091 

306  £=     2-4Tf\2t 


10  -|-  lofc.  dep. 
Log.  diiil  long. 

Log.  008.  lat.  9^698970 

.* .  Latitade  of  parallel  =  ^. 

By  Inspection. 

EXILE  ;xLvni. 

With  tho  diff.  long,  ao  distance,  and  ths  dep.  a$  diff.  lat.t  ontor  tke  Dr^oeroo 
TMoy  and  tho  oorrooponding  Oourse  will  ho  the  latitude  required. 

Es.  (aboTe).  Entering  Trayerse  Table  with  300  as  diitafic$f  and  150  (or  the  nearest 
number  to  it)  aa  dif,  tat.^  the  oorreeponding  bonrse^  6d",  will  be  the  latitude  required. 

Ex.  s.  From  a  plaoe  in  longitade  3*  la'  W.,  a  ship  sails  doe  East  146  nvUea,  and  by 
obserfaiion  is  foond  to  be  in  longitade  4**  S'  E. :  required  the  latitude  of  the  parallel  on 
whioh  she  sailed. 


B^  Cal&HlottoH, 


Long,  left  3^11' W. 
Long,  in    4    8  E. 

O.long.    7  20  =:  440  miles. 


Mer.  dist  146  log.  (-{-  10)  12*390935 
Diff.  long.  440    •         log.   1*043453 

Lat.  56**  o'  008.    9*747482 
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Since  the  dilF.  long,  giveo,  440,  ezoeedi  the  diatanoe  giTen  in  the  IVayene  Table,  its  half 
if  taken,  and  also  the  half  of  the  meridian  distance  246,  these  are  220  and  123  respeotiYely. 
Xnteiing  the  TaUes  with  220  as  distance,  and  123  as  diff.  lat.,  we  fiod,  on  searching  the 
Tables,  these  qnantities,  in  their  respecUye  oolomnfl^  on  the  page  with  56^  at  the  bottom; 
henoe  the  latitude  sought  is  $&*, 

We  can  solve  these  problems  by  oonstmotiiig  a  right-angled  triangle  in 
which  the  base  represents  the  departare,  the  angle  at  the  base  the  latiktde  of 
the  parallel,  and  the  hypOthentiB^i*efpreS€(nts  the  A^^fi^  ofhngitude. 

EXAHFLBS  FOB  PlULCnOB. 

I.  Two  ships  in  60'  8.  are  200  nautical  miles  apart:  what  is  their  diff.  long.  P  (See 
E&.  I, pi^ersa.) 

3.  How  maoh  loogitude  will  a  ship  run  down  in  a  day  when  in  the  latitude  of  Oape 
Horn  55*  59'  8.,  if  she  saile  due  West  at  the  rate  of  10  knots  per  hour.    (Ex.  t,  page  1 21). 

3.  ^nie  difference  of  longitude  between  two  ships  is  500  miles,  and  the  meridian  distance 
is  a5o:  whatpsnllel  we  they  on  P   -(^^  ^^y  P*S®  >>4}*  ' 

4.  What  is  the  length  of  a  degree  (in  nautical  miles)  on  the  parallel  of  70^ 

5.  In  what  latitude  must  a  ship  be  that  each  mile  of  departure  (meridian  distance)  shall 
be  equal  to  two  miles  of  longitude  P 

6.  A  sbip  on  the  parallel  of  55"  N.  sails  due  East,  from  long.  35**  30'  W.  to  long.  %f  30'  W. : 
find  the  meridian  distance  (dep.)  she  has  made.    (See  Ex.,  page  113). 

7.  Two  Tcssels  leave  Fayal  in  Ut  38''  3a'  N.,  long.  sS^"  38'  W.,  bound  to  Halifax,  Ut 
44*  40'  K.,  and  long.  63**  35'  W. ;  one  sails  dm  North  until  she  is  io  the  latitude  of  Halifii^ 
•ad  then  etesrs  im  West  until  die  reaches  it;  the  other  sails  du$  West  until  she  is  in  long. 
«f  Haliiax,  and  then  eteers  dtu  North  until  she  reaches  it :  which  will  arrive  there  first,  if 
fh^  both  sail  at  the  same  rate  P  and  how  many  miles  will  she  gain  on  the  other  P 

8.  A  and  B  lie  on  the  parallel  of  58^*  30'  N. 

(Hven  long.  A  15°  i  a'  E. 
B  13  18  W. 
What  is  the  distance  between  them  in  nautical  miles  P    (See  Ex.  a,  page  ia3). 

9.  In  what  latitudes  are  the  lengths  of  a  degree  of  longitude  30  and  io  miles  respeotively  P 

10.  In  travelling  35  nautical  miles  on  the  parallel  of  $^  15'  N.,  how  much  do  I  change 
Biy  kogitndeP    (See  Ex.  i,  page  laa). 

II.  Find  the  true  course  and  distance  from  A  to  B. 

Lat  A  54^85'  S. ;  long.  A  is*' 30'  E. 
85415  8.;  B   9  15  W. 

12.  Two  ships  in  latitude  41^  iS*  N.,  distant  apart  150  miles,  both  sail  due  North  until 
they  are  50  miles  apart.    In  what  latitude  are  the  vessels  then  P 

13.  How  iar  must  a  ship  sail  due  East  in  latitude  76*  to  change  her  longitude  5^ 
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130.  Middle  Latitude  SaiUog  10  a  meUiod  founded  on  the 
principle  of  parallel  sailing,  of  oonverting  Departure  into  Difference  of  Longi- 
tude, and  the  Difference  of  Longitude  into  Departure,  when  the  ship's  course 
lies  obliquely  across  the  meridian,  that  is,  when  besides  departure  she  makes 
difference  of  latitude. 

Sappose  a  ship,  io  going  on  the  same  ooune,  from  latitnde  40®  to  latitade  44%  make  100 
milea  departure :  thii  departure,  if  made  good  altogether  in  latitude  40^,  would  give  130*5 
difference  of  longitude  by  Rule  XUII,  page  12a ;  and  again,  if  made  good  in  latitude  44^, 
it  would  give  1 39  difference  of  longitude.  Now,  since  the  ship  has  sailed  between  these  two 
parallels,  and  not  on  either  of  them  ezolusivelf,  her  real  difference  of  longitude  must  be 
between  130*5  and  139,  and,  therefore,  we  may  oonolnde  it  to  be  not  far  from  that  which 
would  result  from  a  departure  made  good  altogether  in  the  middle  parallel;  hence  the  name 
Middle  latitude  Sailing,  Middle  latitude  sailing,  then,  is  founded  on  the  consideration  that 
the  arc  of  the  parallel  of  middle  latitnde  of  two  places  intercepted  between  their  meridians 
is  nearly  equal  to  the  departure.  If  we  conceive  the  ship  to  sail  alon  g  this  middle  parallel, 
we  may  apply  the  principle  of  parallel  Bailing  to  the  cases  in  point.  In  paraUel  sailing,  as 
has  been  shown,  the  departure  (or  distance)  and  difference  of  longitude  are  connected  by  the 
relation,  dep.  =  diff.  of  long.  X  oos.  lat.  When  the  ship's  course  lies  obliquely  aoroHS  the 
meridian,  making  good  a  difference  of  latitude,  a  modification  of  this  formida  gives  the 
formula  for  middle  latitude  sailing,  dep.  (nearly)  =  diff.  of  long.  X  oos.  mid.  lat. ;  or  in 
logarithms,  log.  dep.  =:  log.  diff.  of  long.  -|-  log.  oos.  mid.  lat.  —  zo.  Middle  latitude 
sailing  has  thus  the  same  two  oases  as  parallel  sailing,  and  accordingly  the  rules  tog 
inspection  and  computation  already  given,  Bules  XLIII,  XLY,  and  XLVII,  pages  las,  123, 
and  124,  apply  equally  to  this  sailing,  observing  merely  to  read  tniddle  latitude  for  liUiiude, 

The  two  cases  most  commonly  used  in  this  sailing  are— 

(2)  When  the  latitudet  and  longUudee  of  the  \  To  find  the  Course  and  distance  between 
two  places  are  given  j     them. 

CASE  I. 

131.  To  find  the  latitude  and  longitude  In,  the  course  and 

distance  from  a  known  place  being  given,  by  Middle  Latitude. 

Examples, 

Br.  I.  A  ship  from  lat.  5a<»  6'  N.,  long,  35*  €  W.,  sailed  8.W.  by  W.,  256  miles:  re- 
quired her  latitnde  and  longitude  in. 

The  figure  used  in  this  sailing  is  made  up  of  two  right-angled  triangles,  having  one  side 
(dep.)  common  to  both. 
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One  triangle  is  the  figoxe  used  for  paralM  niUng,  and  the  other  is  the  figure  used  for 
.ptotf  sailing. 

In  the  present  case  we  have 

[i]    In  the  1%MW  Saiiifig  figure  or  triangle  A  0  B 

Kg.  34. 


f..^  (  Course  8.  56°  15'  W.  1  .    ^.  (  diff.  lat. 
®*^«"  {      dist  256  milis.      )  to  find  (  ^^^  ^^ 

(See  Oaee  I,  Plane  Sailing,  page  109.) 


JbJMdif.hi. 
BO        diff.  lat. 


AC'' 


dist. 


=  COS.  course. 


.  *  •  log.  diff.  lat.  =  log.  dist.  + 
log.  COS.  CO.  —  10  (i). 

(I) 
Log.  dist.  256  =  2*40824 

Log.  COS.  course     56'  15'  =  9*74474 

Log.  diff.  lat.  =  2-15298 

.  * .  Diff.  kt  =  142*2  or  2*  22'. 

Diff:  lat. 
6,0)14,2 

Diff.  lat.    2  22 


Tojkiddep. 
A  B        dep. 

iro'^'dirt:  =  "°-^'""- 

.  log.  dep.  ^  log.  dist.  -|-  log.  sin.  co.  —  i  o  (2) 

(») 

Log.  dist.  256  :z  2*40824 

Log.  sin.  course    56*  ly  =  9*91985 

Log.  dep.  =:  2*32809 

.*.  Dep.=;  212*9. 


Diff.  lat. 


2<»22'  S.    N   „.  . 


Lat  ^m  52    6  N. 

Lat.  in  49  44  N. 

Sum  101  50 

Mid.  lat.  50  55 


an 
n 


[2]    In  the  T^ailil  SaHmg  figure  or  triangle  A  B  D  axe  given  the  dep.  and  middle  lat. 
just  found,  whence 


AD,  or  ^^^^rz  sec.  mid  lat. 

A  B  ttSp. 

/.  log.  diff.  long.  =  log.  dep.  + 

log.  sec.  nud.  lat  ~  10  (3). 


Log.  dep.  =   2*32818 

Log.  sec.  mid.  lat.  50**  $$'  =  10*20035 

Log.  diff.  long.  =   2*52853 

.•.Diff.  long.  =  337*7. 


D.  Long. 
«,o)33,8 

5  3« 


Long,  from    35°  6'  W. 
D.  long.  5 

Lon^.  in       40 


'iim 
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By  Inipecium. 
BULE  XTJX. 

I^  With  the  givmi  ooune  and  distanoe  mier  (k$  n-avene  TaUe^  and  take  out 
true  difference  of  latitude  and  departure  (see  Bule  XL,  page  1 1 2). 

z"".  With  difference  of  latitude  and  latitude  from,  find  latitude  in  (see  Bole 
XXVI,  page  80). 

3^     Get  the  middle  latitude,  aa  directed,  Bule  XXVn,  page  82. 

4^.  Wiih  the  middle  latitude  a$  course,  look  in  the  difference  of  latitude 
eohmnfar  the  departure,  the  eorreeponding  distance  at  the  top  ie  the  differenoe 
of  longitude. 

5^  JTith  difference  of  longitude  and  longitude  from  yet  longitude  in,  ae  in 
Bule  XXIX,  page  84. 

NoTB.— When  the  departur$  to  be  looked  for  as  d^firmce ofkUUudi  at  the  mjidle  latitada 
ia  beyond  the  limits  of  the  Table,  one-half,  one-third,  Ac.,  mast  be  ased,  and  the  n(nilting 
dif!trMee  of  lonyitude  multi^Ued  by  the  divisor,  in  order  to  get  the  whole  <£t^«rMM»o/AMyi^iM2^. 

Ex.  (aboTo).  A  ship  from  lat  5a'  6'  N.,  long.  35'  &  W.,  sails  8.W.  by  W.,  256  maes : 
required  her  latitude  and  longitude  in. 

(0    Course  S.  5  pts.  W. )  gives  (in  Table  1}  diff.  lat.  142*2  and  dep.  112-9  (see  Bala 
Dist.  256  miles         /     XL,  page  11  a). 

D.Lat.              DiiF.lat.      2«aa'8.  (a)    Mid.  iat  5 1""  (taken  to  nearest 

6,o}i4,a              Lat.  from  5a    6  N.  degree)  as  oonrse,  and  half  the  dep.  106*4 

•                          (the  whole  dep.  ezoeeding  the  lunits  of 

2^"  22            Lat.  in       49  44  N.  the  table)  in  the  dif,  lat.  oolnmn  give  in 

' ^  diiL  'column  160  miles,  the  half  of  the 

a)ioi  50  diflf.ef:long.    Theni69X  assdiftlong. 

Mid.  lat.    50  ss 

D.  Long.  Diff.  long.     V  38*  W. 

^»o)33»8  Long,  from  35    6  "W. 

5  38  Long,  in       40  44  W. 

JBxpkmaHon  6f  Intp^ethnj^Tb^  difbrence  of  Utttude  and  daputme  ia  foimd  aa  daaoribed  in  Bale  XL, 
pa«eii8.  The  Utttnde  in  ia  found  by  Eule  Ajlyi,  page  80;  and  theaoe  the  middle  Uiitnda,  by  addinc  the 
Utitnde  iSrom  and  latttode  in  together,  and  divided  by  a  (aee  Bule  XXVII,  page  8t).  The  departoie  eK« 
oeeding  the  limita  of  the  Tables,  the  half  ia  taken.  Then  with  middle  MUude  aa  a  courts,  and  half  tho 
departure,  in  d^ermoe  of  kUUude  oolumn,  half  the  difliBrenoe  of  longitude  ia  found  in  €he  dUtamoe  odhmm. 
This  being  douUed  (as  half  the  departure  was  taken)  and  divided  by  60,  gives  the  diiteenoe  of  longitude 
expressed  in  degrees  and  minutea.  The  ship  is  in  ITeft  longitude,  M(/in^  IFefi  add  diffaranoe  of  hnsitnde 
to  longttode  left  to  obtain  longitude  in  (seaBnle  "^^TTj  page  84},. 

This  Method  by  Inspection  is  the  usual  case  at  sea  of  Wooing  the  Day's  Work. 

Ex.  2.  A  ship  i^m  the  Lizard,  in  Ut  49*"  57'  N.,  sails  between  the  South  and  West  nntQ 
diir.  lat.  is  ia6'7,  and  dep.  ioa*6 :  required  the  latitude  oome  to,  and  difference  of  longitude. 

6,o)ia,6'7  BylnspoeUoH. 

Then  mid.  lat.  48*  54',  say  49%  as  a  oourse,  and 


2  6-7         or    2<>  7'  S. 
Lat.  left  49  57  K. 

Lat.  in    47  50  N. 
Mid.  Ut.  48  53 


dep.  io2'3  (nearest),  found  in  the  lat  oolumn, 
opposite  to  whioh,  in  the  dist.  column,  is  156, 
nearest,  tho  differenoe  of  longitude. 
3y(kMlatum. 
«n^  Mid.  lat.    -4^53'     see.  0*182042 

g|^  I>ep.  102*6     log.  2*011147 

&fl  Diff.long.    156*0     log.  2*193189 
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CASE  II. 

132.  GKyen  the  latitudes  and  longitudes  of  two  places,  to  find 
the  departnrey  and  thence  the  course  and  distance  between  them. 

RULE  L. 

1*^.  On  the  left  hand  of  the  page  eel  down  the  latitude  0/  the  place  from,  under- 
neath which  put  the  latitude  of  the  place  bound  to,  or  worked  for. 

2^.  In  the  middle  of  the  page  write  down  the  latitude  of  the  plaee  from, 
underneath  whtehput  the  latitude  of  the  plaee  bound  to. 

3°.  On  the  right  hand  of  the  page  write  down  the  longitude  of  the  place  from, 
underneath  which  put  down  the  longitude  of  the  place  bound  to. 

4^  When  the  latitudes  are  both  of  the  same  name  take  the  less  from  the 
greater,  hut  when  they  are  of  contrary  names  tahe  their  sum :  the  reeult^  in  either 
eaee,  multiplied  hy  60  will  give  the  difference  of  latitude  in  miles  (Bule  XXIY, 
page  78). 

5^    Find  the  middle  latitude,  as  follows  :— 

(a)  Whm  the  latitudes  are  both  of  the  same  name  half  their  sum  will  give 
the  middle  latitude  (see  Bule  XXYH,  page  82). 

(b)  When  the  latitudes  are  of  contrary  names,  and  very  nearly  equal,  or 
Tery  unequal,  half  the  greater  latitude  mag  he  employed  as  the  middle  latitude. 
A  an  intermediate  ease  we  mag  combine  the  two  middle  latitudes,  giving  the 
greater  weight  to  that  which  corresponds  to  the  greater  latitude. 

When  the  longitudes  of  the  two  places  are  both  of  the  same  name  take  the 
l9Bsfrom  the  greater,  hut  when  they  are  of  contrary  names  take  their  sum  3 
(he  result  in  either  casSj  multiplied  hy  60  will  give  the  difference  of  longitude. 

When  the  difference  of  longitude  exceeds  1 8o^  take  it  from  360° :  the  remainder, 
multiplied  hy  60,  will  he  the  diff.  long,  in  miles. 

EZAICBLB. 
Find  the  Goune  and  Distance  between  Tynemontb  and  the  Naze  of  Norway. 

Lai. 'T^nemonth  55°  I'N 5s**  I'N.    Long.  Tynemouth  i^'ay  W. 

La\  Nace  of  Norway   57  5*  N,  57  5^  N.    Long.  Naae  of  Norway   7    a  B. 

157  11259  827 

60  60 

—  Mid.  lat.    56  i9i  — 

D.  lat.      177  N.  D.  long.       507  E. 


Fig.  35. 


.% 


In  the  present  oase  we  have 

<  ^4^\  i*^'    In  the  parallel  sailing  figure  the  mid.  lat.  and  dif.  long. 

given  from  which  to  find  the  dep. 

md.    In  the  plane  sailing  figure  the  dff.  lat.  and  the  dtp. 


Dep. 


^  i  y  ana.    in  ine  piane  sailing  ngure  tne  a^.  (at.  and  the  i 

2  4"  J''     o  (J^t  found)  are  given  to  determine  the  course  and  distance. 
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AD  =  507 
the  diff.  long. 

AD»  **' diff.  long.  • 


(i8t)  IntriangloADB. 
By  Parallel  Sailing, 

f^BAD  =  56«29i'\^  /  AB 

themid.lat.  {a\   ^^ 

^  \  Dep. 
=  008.  mid.  lat. 

.  * .  dep.  =:  diff.  long.  cos.  mid.  lat. 

Log.  diff.  long.  507  =  2*70501 

Log.  008.  mid.  lat.  56**  29^  ;=  9*74199 

Log.  dep.  =  a'44700 

.•.Dep.  =  279*9. 

By  Itutpection. 

With  Mid.  Lat.  56^**  as  Course,  and  one- 
third  Diff*.  Long.  169  (the  whole  %&ing  too 
large  for  the  table),  the  oorreeponding  diff. 
lat.  is  93*2,  which  is  one-third  the  required 
departure ;  then  93*2  X  3  =  279*6  the  dep. 

NoTS.— The  mid.  lat.  lying  between  two  whole 
degrees  the  table  is  first  entez^d  with  mid.  lat.  56**  as 
oourse^and  one-third  diff.  long.  169  =  ($07  -f  3)  in 
ditt.  column,  which  gires  in  D.  Lot.  column  94*5. 

Next  enter  table  with  mid.  lat.  57**  as  course  and 
269  in  disL  column,  then  in  the  diff.  lat  column  is 
fbund  oa'o;  then  (94  5  +  92-0)  -f  a  =  93*2,  one- 
third  the  required  dep. 


(2nd)  In  triangle  ABO. 
By  Plane  Sailing, 

(AB  =  279*9 
^^      the  dep. 


'BO  J 

\  1 


'77  .     , 
the  diff.  lat. 


AB 
B  C  ' 


dep. 


=  tan.  CO. 


'  diff.  lat. 

* .  Log.  tang,  course  =  log.  dep.  -(.  10  — 
log.  diff*  lat. 

Log.  dep        279*9  (+  'o)  =  12-44700 
Log.  diff.  Ut.  177  =    2*24797 

Log.  tang,  course  =  10*19903 

.'.  Course  =  57*  41 1' 

orN.57»4iJ'E. 
A  C  diet 

Bo»^'diffnit:  =  »«<^-<^o««^w- 

.  * .  Dist.  r=  diff.  lat.  sec.  co. 


Log.  diff.  lat. 
Log.  sec.  course 


177  =  2*24793 
^  0*27207 


Log.  dis^. 

.'.  Dist.  =  331*2. 


2*52000 


By  Inspection, 

With  93*2  (one-third  dep.)  in  dep.  column 
and  one-third  diff.  lat.  59  in  diff.  lat  column 
the  Oourse  is  found  to  he  57^*,  and  the  dist. 
1 10*5  multiplied  hy  3  gives  the  whole  dist. 
331*5  miles. 

Examples  fob  PaAonos. 

I.    A  ship  from  lat.  25**  35*  N.,  and  long.  60^  o'  W.,  sails  E.K.E.|  296  miles:  required 
the  lat.  and  long,  arrived  at. 

1.    A  ship  from  lat,  ^6^  14'  S.,  long.  17 8"*  a8'  E.,  sails  S.E.  f  E.,  dist.  278  miles :  required 
ihe  lat.  and  long,  arriyed  at. 

3.  A  ship  from  lat.  ao^  29  N.,  long.  1 79^  10'  W.,  sails  W.  hy  S.  i  S.,  333  miles :  required 
the  lat.  and  long,  arrived  at. 

4.  Required  the  oourse  and  distanoe  from  A  in  lat.  48**  23'  N.,  long.  4^  29'  W.,  to  B  in 
Ut.M4°  44'  N.,  long.  63»  36'  W. 

5*    Required  the  oouzse  and  distanoe  from  a  place  in  lat.  2 1*  1 8'  N.,  long.  157*  55'  W.,  to 
San  Francisco  in  lat.  37^  48'  N.,  long.  122^'  24'  W. 

6.    Required  the  course  and  distanoe  from  a  place  in  lat.  58*  35'  N.,  and  long.  $€•  2 1'  W,, 
to  another  plaoe  in  lat.  60*  14'  N.,  and  long.  5*  t8'  E. 
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133.  ISercator's  Sailiog,  like  Middle  Latitude  Sailing,  relates  to 
finding  the  difference  of  longitude  a  ship  makes  when  sailing  on  any  oblique 
rhumb|  and  is  a  perfectly  general  and  rigorously  true  method,  which  the 
other  is  not. 

This  sailing  is  derived  from  Meroator's  projection  of  the  globe  upon  a  planSi 
or  flat  surface,  in  which  the  degrees  of  longitude  are  wtry  where  equal;  the 
degrees  of  latitude  ineretue  from  the  Equator  towards  the  Poles ;  and  the 
meridians,  parallels  and  rhumb  lines  (or  course  made  by  the  ship)  are  M 
represented  by  straight  lines  (see  l>ef.) 

Mercator's  Sailing  is  characterised  by  the  use  of  the  Table  ef  Meridional 
JParis.  With  the  assistance  of  this  Table  the  rules  of  plane  trigonometry 
suffice  for  the  solution  of  ail  the  problems. 

Fig.  36. 


In  the  triangle  ACB  let  A  be  the  course^ 
A  B  the  diatanoe,  A  G  the  true  di£Eerenoe  of 
latitude,  C  B  the  departure ;  then  corres- 
ponding to  AC,  the  Table  of  Meridional 
Parts  gives  A  C,  the  meridional  difierenoe 
of  latitndey  and  completing  the  right* 
angled  triangle  ACB',  CB  will  be  the 
difference  of  longitude.  In  addition,  then, 
to  the  three  canons  of  platte  tailinf  which 
can  be  dedneed  from  the  triangle  ACB, 
the  triangle  A  OB'  gives  the  characteristic 
oanoo  of  M§rcmior*s  SaUmg  (since  G'B'  = 
A  (T  tang.  A) 
diff.  long.  =  mer.  diff.  lat.  X  tang,  course. 


C 


Diff.  long. 


i 


^ 


/ 


/ 


^/ 


The  two  cases  most  commonly  used  in  this  sailing  are — 

(0  y^v[i\ii<dlatUude9andUmgitud€iol  two  1  To  find  the  Course  and  Distance  between 
plaoes  are  given  j     them. 

(a)  When  the  (Xmctm  between  two  places  and  \  rp^  «„ .  .^^  ^:au^««     r  1       •*  j 
their  latitodes  are  given  /  ^^  ^^^  ^^®  difference  of  longitude. 

134.    GKyen  the  latitudes  and  longitudes  of  two  places,  to  find  the 
course  and  distance  between  them. 

EULE  LI. 

i^     On  the  left  hand  of  the  page  write  down  the  latitude  of  the  place  frOQIy 
underneath  which  put  the  latitude  of  the  place  bound  to  (or  worked  for). 

2^     Write  down^in  the  middle  of  thepage^  the  corresponding  meridional  parti 
ef  the  two  tatitudee. 
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3^.  On  th$  right  hand  of  the  pige  totite  down  the  longitude  of  the  place  trovif 
underneath. which  put  the  longitude  of  the  place  bound  to  (or  worked  for). 

4^^.  When  the  latitudes  are  both  of  the  same  nams,  take  the  lees  from  the 
greater;  hut  when  they  are  of  contrary  nameSf  take  their  sum  8  the  result,  in 
either  case,  multiplied  hy  6o  will  give  the  true  diff.  lat.  in  miles  (Bule  XXTV, 
page  78). 

9^.  Having  taken  out  the  meridional  parts  of  the  two  latitudes  from  Table 
in  (Nobis  or  Bapsb],  take  their  difference  when  the  latitudes  are  of  the 
same  name  ;  but  their  sum  when  th$  latitudes  are  of  contrary  names.  The 
result,  in  either  case,  wiU  be  the  maridional  diff.  lat.  (mer.  diff.  lat.)  in  miles. 
(See  Bule  XXV,  page  79). 

6^  When  the  longitudes  of  the  two  places  are  both  of  the  same  name,  take 
the  less  from  the  greater ;  but  when  they  are  of  contrary  names,  take  their 
sum  :  the  result,  in  either  case,  multiplied  by  60  will  give  the  diff.  long, 
in  miles.    (See  Bule  XXYIII,  page  82.} 

Note.— When  the  diff.  long,  exceids  iSo®  take  it  from  360^,  the  remainder  mnat  be  used 
If  the  diff.  long,  when  turned  into  miles. 

NoTB.^iBt.  Work  with  the  triangle  ACB',  which  is  formed  by  the  side  AG',  the  m«r. 
diff,  lat.^  and  the  side  D  ▲,  the  diff.  hng.^  find  ^  ▲  (the  oonne),  whioh  is  common  to  both 
triangles,  and.  Having  found  the  common  ^  G,  work  with  triangle  ▲  GB,  whioh  is  formed 
by  A  G,  the  true  diff.  lat.,  and  A  B,  the  distance  leqoired. 


[ist.] 
In  triangle  A  G'B'. 


[2nd.] 

In  triangle  A  GB. 


r  1     CB* 


S^S^Tut:  =  **"»•  ^'*"®'  •  *  •  *^«-  ****»•  ^^^  —  10  =  log.  diff.  long.  — 
log.  mer.  diff.  lat. 

[2]    j^  or  troe^tfiut.  ~  •®®'  course, .  * .  log.  dist,  =  true  diff.  lat + log.  sec.  course  —  i  o. 

Whence  we  have— 

f.  To  find  the  course*— i^^s  the  log.  of  diff.  of  longitude  f  increasing  its 
index  hy  10 J,  subtract  the  log.  of  meridional  diff.  of  lat. :  the  remainder  is  the 
tangent  of  course,  which  take  out  of  the  tables,  and  place  before  it  the  letter  of  diff. 
of  lat,,  and  after  it  the  letter  of  diff.  of  long. 

NoTB.— Be  careful  to  remember  that  when  the  mm  of  the  longitudes  exceeds  180^,  it  must 
be  taken  from  360%  and  the  course  must  be  named  the  tame  as  the  longii^ide  l^. 

8''.  To  find  the  distance.— ro  the  secant  of  course  f  rejecting  10  from  the 
index  J,  add  the  log.  of  diff.  of  lat.:  the  sum  is  the  log.  of  distance,  the  natural 
numher  corresponding  to  which  find  in  the  tables. 

By  InapectioH. 

With  the  mer.  diff.  lat.  as  d\ff^.  lat.,  and  diff.  long,  as  dsp.,  enter  the  Traverse  Table  and 
find  the  corresponding  ecuree.    This  will  be  the  course  required. 

Again,  with  this  course  and  the  true  diff.  lat.  as  d^.  lat.  enter  the  Traverse  Table  and 
find  the  correiponding  distance.    This  will  be  the  distance  required. 
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Examples. 
Ex.  I.    Boquired  the  course  and  distance  ^m  Tynemoulh  Light  to  the  Naze  of  Norway. 


Lat.  Tynemonth    55^  i'  N.  Mer.  parts  3970 

Lat.  Naae  57  5S  N.  Mer.  pirts  4191 

Mer.  difi.  lat.     321 


60 
Diff.ofLat.    177  N. 

TpJInd  ihs  Oourm. 
DUr.  long.  507  Log.  (-)-  10)  12*705008 

Mer. diClat  321  Log.   2*506505 


Long.  Tynemoath    1°  25'  W. 
Long.  Naze  7    2  E. 

60 


Tamr.  10*198503 
Course  N.  57*  40'  E. 
Nora. — ^The  coarsf)  miut  be  marked  N 


Difif.  of  long.  507  £. 

To  find  th$  IHttanee. 
Coarse  57 '  40'  Secant  0*271773 


Diff.  ofiat.  177 


Log.     a-247973 


Log.     2-519746 
DistiDce  331. 

£.,  because  the  Naze  of  Norway  (the  place 


worked  for)  is  to  the  northward  and  ttutward  of  Tynemoulh,  the  place /row. 
Ex.  1.    Bequired  the  course  and  distance  from  A  to  B. 


Lat  A  51*^23' N. 

Lat.  B  48  23  N. 

3    o 
60 

Dtfiloflat.     180  8. 


Mer.  parts  3606 
Mer.  parts  3326 

Mer.diCUt.    280 


Long. A 
Long.  B 


9-29' W. 

4  39  W, 

5  o 
60 


Dilt  long.  300         Log.  (-|-  10)  12*477121         Course  46®  58}' 
Mer.  diff.  lat.  280  Log.    2*447158    I    Diff.  lat.  180 


Diff.  of  long.    300  E. 

Secant  0*166014 
Log.     2-255273 


Tang.  10*029963 


Course  8.  46<»  58}' 
Ex.  3.    Bequired  the  course  and  distance  from  Cape  Bajoli  to  Cape  Side. 


Log.     2*421287 
Distance  263*8 


Lat.  Cape  Bajoli    AoP  I'N. 
Lat.  Gape  Sicie     43    3  N. 

3    a 

60 

Diff.  of  Ut.  182  N. 


Mer.  parts  2624 
Mer.  parts  2867 

Mer.  diff.  lat.    243 


Long.  Cape  Bajoli     3^48'  E. 
Long.  Cape  Sicie       5  51  E. 


I' 


Diff.  lonff.  123         Log.  (+  10)  12*089905 
Mer.  dilL  lat.  243  Log.    2*385606 

Tang.    9-704»99 


Tang. 
Course  N.  26"  51'  E. 


Course  26**  51' 
Diff.  lat.  182 


Diff.  of  long.  123  E. 

Secant  0049542 
Log.     2*260071 


Distance  204, 


Log.     2*309613 


Ex.  4.    Bequired  the  course  and  distance  from  Cape  Formosa  to  St.  Helena 


Lat.  Cape  Formosa  4^^  15'  N. 
Lat.  St.  Helena     15  55  S. 

20  10 

Diff.  of  lat.  1 2 10  8. 


Mer.  parts    255 
Mer.  parts   968 

Mer.  diff.  lat.  1223 


liong.  Cape  Formosa  6^11'  E. 
Long.  S..  Helena       5  45  W. 

II  5^ 
Diff.  of  long.  716  W. 


Diff.  loBff.  716         Log.  (+  10}  12*854913    j 
Mer.  diff.  lat  1223  Log.    3*087426    , 


Coarse  30*  21 
Diff. 


rse  30'  21 
:  of lat  12 


Coarse  8. 


XaM.    9*767487 


^^aM. 
30*  ai'  W 


Distance  1402. 


Secant  0*064012 
Log.     3*082785 

Log.     3M6797 
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Ex.  5.    Beqnired  the  ooane  and  distance  from  Bahia  to  Fernando  Po. 


Mer.  parts  788 
Mer.  parts  328 

Mer.  diff.  lat.  1016 


LatBahU  if  I'S. 

Lat.  Fernando  Fo     3  48  N. 

16  49 

Diflf.  oflat.  1009  N. 

Diff.  long.  2835        Log.  (+  10)  I3*45»5S3 
Mer.  diff.  lat.  1016  Log.    3*006894 


Long.  Bahia  38*>32'  W. 

Long.  Fernando  Po     8  43  E. 


TanR.  10-445659 
Course  N.  70^  17'  £. 


Course  70**  17' 
Diff.  of  lat.  1009 


47  15 

Diff.  of  long.  2835  E. 

Secant  0-471895 
Log.     3-003891 

Log-     34757^ 


Ex.  6.    Bequired  the  course  and  distance  from  A  to  B. 


Lat.  A 

Lat.  B 


44^44' S. 
SS  55  N. 


'oo  39 
Diff.  of  lat.  6039  N. 


Mer.  parts  3007 
Mor.  parts  4065 

Mer.  diff.  lat.  707a 


Distance  2991 


Long.  A 
Long.  B 


Diff.  long.  9997  Log.  (+  10)  13-999^70 
Mer.  diff.  lat.  7072        Log.    3-849542 

54»43'  Tang.  10-150328 

210 

446)11800(26 
892 


Course  54*  43'  o* 
Parts  for  26" 
Diff.  of  lat.  6039 


I48°39'  W. 
44  44  E. 

193  23  E. 
360    o 


166  37  W. 

Diff.  of  long.  9997  W. 

Secant  0*238358 

77 

Log.     3'7^^5 


10457    Log.     4*019400 
116 

416)2840(7 


2880 
2676 

. ' .  Course  N.  54*  43'  26*  W.,  distance  10457  miles  (nearly). 

This  question  worked  to  the  nearest  minute  of  arc  gives  coarse  N.  54**  43'  W.,  and 
distance  10455  miles. 

Ez.  7.    Bequired  the  course  and  distance  from  Cape  East,  New  Zealand,  to  Cape  Horn. 


Lat.  Cape  East     zf4^'  S. 
Lat.  Cape  Horn    55  59  S. 

18  17 

Diff.  oflat.  1097  S. 


Mer.  parts  2445 
Mer.  parts  4072 

Mer.  diff.  lat.  1627 


Long.  Cape  East     1 7  8''40'  E. 
Long.  Cape  Horn     67  16  W. 

145  56  W. 

360    o 

"4    4 


Diff.  long.  6844  Log.  (+  10)  1 3*8353 »o 
Mer.  diff.  lat.  1627        Log.    3*211388 


76*  37' 


Tang.  10-623922 
55^ 


935)36400(39 
2805 


8350 
8415 


Course  8.  76''  37*  39"  E. 


Course  7(5'  37'  o* 
Parts  for  39' 
Diff.  oflat.  1097 


Difl.  of  long.  6844  £. 
Secant  0-635515 

Log. 


345 

3*040107 


Distance  4743'i  nearly. 


3-676067 
53 

92)140(2 
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Bequired  the 

oourse 

and  dist 

I.    A380i4'N. 
B  3^  St  N. 

A 
B 

a«  7'E. 
4  18  E. 

a.    A  49  53  N. 
B  4S  28  N. 

A 
B 

6  19  W, 
5    3W. 

3.    A  d4  30  N. 

B  60  40  N. 

A 

B 

4  20  W. 
0  10  E. 

4.    A  54  54  S. 
B  34  22  8. 

A 
B 

60  28  W. 
18  24  E. 

5,    A45  15  N. 
B  47  10  N. 

A 
B 

35  a6  W. 
32  15  w. 

6.    A   4  24  N. 
B    8  4S  8. 

A 

B 

746W. 
13    8  £. 

7.    A  40    0  S. 
B    8  57  N. 

A  148  30  E. 
B    79  31  W. 

8.    A  81  15  N. 
Boo 

A 
B 

0    0 
81  15  W. 

9. 

A  35°  14' 8. 
B  18  23  8. 

A  75°3o'B. 
B    12    1  £. 

10. 

A  41  10  8, 
B53  19  N. 

A   41  30  W, 

Boo 

II. 

A   6  II  N. 
B    6    0  8. 

A    80  15  W. 

B    39  16  W. 

12. 

A  52  10  N. 
B  40  15  S. 

A  176  9  E. 
B  179  29  W. 

'3. 

A  35  51  8. 
B  38  52  N. 

A  138  54  E. 
B  165  53  W. 

14. 

A  15  30  N. 
B  15  30  8. 

A  176  34  E. 
B  176  34  W. 

'5. 

A  22  22  8. 

B3333N. 

A  122  22  W. 
B  III  II  E. 

16. 

A  17    0  N. 
B  20    0  N. 

A  180  0  E. 
B  161    0  E. 

135.    To  find  the  latitude  and  longitude  in,  having  given  the 
latitude  trom  and  the  course'and  distance  between  fhe  two  places. 

By  CaleuMion. 
The  general  method  of  Bolutioii  by  meridional  parts  is  from  the  formula 


True  diff.  lat.  =  dist.  X  00s.  oourse. 

•  Meg.  irm  iif.  lot,  s=  log.  dist.  + 
log.  008*  oonrse  ^10. 


Diff.  long.  z=  mer.  diff.  lat.  X  tang,  ooorae. 

.  * .  log.  dif.  Umg.  ;s  log.  mer.  diff.  lat.  + 
log.  tan^.  oonrse  — *  10. 


BXAmT.ES. 

Bz.  I.    A  ship  from  lat.  ^5*  i'  K.,  long,  i^  25'  W.,  sails  S.S.E.  \  E.,  246  miles :  required 
the  lat.  in  and  long.  in. 

Dist.  ^46  Log.  s'39094 

Course a^pts.      Cos.  994543 


Diff.  lat.  217*0     Log.  3-33637 


6,o)ai,7 
3  37 


Lat.  left    55°  i'N.\     C^ 
D.  la^.         3  37  8.     |a* 

« 

Lat.  in      5ia4N.; 

Ihjlnd  Lif.  Long. 


Mer.  parts    3970  \        . 
Mer.  parts    3^||fe*? 

Mer.  diff.  lat.      363)*^ 


Mer.  diff.  lat.  363 
Oourse  a|  pts. 


j^.    a-5599» 
Tftng.  9'7*796 


Diff.  long.  194*0  Log.    a*28787 


M«9i4 
D.  long.  3  14 


Long,  left    i'25'W. 
D.  long. 

Lony. 


ia«»     «    'i    ''  *     ^.f  4.  The  Bbip  teing  in  1"  t^^  W 

g.        3  14  E.      .|Q«         vioh,  must  eride&tly  be  la  Ei 

^—  I  (3n  J        after  haTJiy  MUed  194  yfles  to 


The  ship  being  in  1^  aV,  West  of  Oreett« 
,^    .    _.,_.,    ^   ^  ^^  longitude 

'^  the  eaetward 
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136  MgreaiorU  Sailing. 


By  Inspection. 

BULB  HI. 

i^.  With  given  course  aiti  distance  enter  the  Traverse  Table  and  take  out  the 
eorretponding  true  difference  of  latitude,  Hule  XL,  page  1 1  z,  from  which 
and  latitude  from  Jind  latitude  in,  as  4n  Bule  XXVl,  page  80,  and  then 
meridional  difference  of  latitude,  as  in  Bule  XXY,  page  79, 

2°.  At  the  given  course  look  in  the  column  of  the  true  difference  of  latitude 
for  the  meridional  difference  of  latitude ;  the  corresponding  departure  will  be  the 
difference  of  longitude,  from  which  and  the  longitude  from  find  the  longitude 
in,  as  in  Bule  XXIX,  page  84. 

Eoteriog  Traverse  Table  I,  with  coarse  2|  points,  and  distance  246  miles,  we  obtam 
diflf.  lat.  2170,  or  3*^  37',  which,  being  iubtraeted  from  lat.  Uft  ss^  1'  N.  gives  the  lat.  in 
$1*  24'  N.  Taking  ont  the  mer,  parti  for  55"  i'  N.  and  5 1*  24'  N.,  the  «wr.  diff,  lat,  is  found 
to  be  363  (see  above  under  Oalonlation). 

Next,  the  coarse  i\  points  and  half  mer.  diff.  lat.  18 1-5  (the  number  representing  the 
mar.  diff.  lat.  being  greater  than  can  be  foand  in  the  table)  in  diff.  lat.  column,  the  nearest 
foand  in  the  table  is  181*7,  the  oorresponding  departure  is  97*1,  which  muliiplied  by  2 
(having  divided  mer.  diff.  lat.  by  2)  gives  diff.  loii|^.  194*2  miles,  whence  diff,  l<mg.  is 
(194  -7-  60}  =  3*  14'  E.,  whence  long,  in  is  i*"  49'  £.,  as  found  by  calculation  above. 

£z.  2.  A  ship  from  lat.  42*"  36'  S.,  long,  178''  43'  R,  sails  8.  53"  E.  until  she  arrives  in 
lat.  45**  34'  S. :  find  diff.  long,  and  long.  in« 

Lat.  left    42<='36'8.  Mer.  parts    2830  \ 

lAt.  in      45  34  8.  Mer.  parts    3078  1 1^^ 

Mer.  diff.  lat    T^i)^"* 

«l-{^'a,^11*3*U'}to«nd{gU. 

Mer.  diff.  lat.  248  Log.     2-39445  Long.  left  178^43'  B. 

Coarse  53*  Tang.  10-12289  D.  long.  5  29  E. 


^ 


D,long.'329*i        Log.     2*51734  Exceeds  x8o«       184  12  £.    V«| 

Subtract  from      160    a  I  "3  ^ 

6,0)32,9-1 


Subtract  from     360    o 
Long,  in  175  48  W.  i 


By  Inipection, 

Entering  Traverse  Table  II,  with  course  53*,  and  half  mer.  diff.  lat.  124  (the  whole  mer. 
diff.  lat  being  too  large  for  the  tables)  in  diff.  lat.  colunm  give  in  dep.  column  164-5, 
which  doubled  (as  mer.  diff.  lat.  was  divided  by  2)  gives  329'  the  diff,  of  long. 

Ex.  3.  From  lat.  56*  48'  N.,  and  long.  i<*  10'  W.,  sailed  S.  41**  E.,  275  miles:  roquired 
the  lat  in  and  long.  in. 

In  the  Traverse  Table  at  the  distanoe  275,  and  course  41^  the  corresponding  true  Off,  lot,  is  »vf$,  or 
30  aT^'s,  which  being  subtracted  from  50*  48'  N.,  the  lut,  t»  is  47 '  ao's  N  ;  taking  out  the  mer,  parts  for  50*  48', 
and  47®  ao''S,  the  mer,  difi,  lat.  is  found  to  be  317,  to  half  which  as  a  trite  dif.  lat.,  and  the  course  14%  the 
dep.  is  137*8,  twice  which  is  275-6,— that  is,  the  dif,  long,  is  4'*  36'  E. :  hence  the  long,  in  is  3*  a6'  E. 

EtAITPLTW  PQB   PaAOTIOE. 

For  examples  for  practice  in  this  problem  take  Examples  i|  2,  and  3, 
giyen  in  Middle  Latitude  Sailing  at  page  i  ^o. 
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KEMATtKB  ON  MIDDLE  LATITUDE  AND  MEBOATOB'S 

SAILINGS. 

X36-  "The  difference  of  longitude  found  by  middle  latitude  is  true  at  the 
equator,  and  very  nearly  true  for  short  distances  in  all  latitudes,  especially 
when  the  course  is  E.  or  W.  In  high  latitudes,  when  the  distance  is  great 
and  the  course  oblique,  the  error  becomes  considerable :  but  the  result  may 
be  made  as  accurate  as  we  please  by  sub-dividing  the  distance  run  into  small 
portions,  and  finding  the  deference  of  longitude  for  each  portion  separately. 
The  difference  of  longitude  deduced  by  middle  latitude  sailing  is  too  small : 
an  estimate  of  the  error  for  places  on  the  same  side  of  the  equator  may  be 
formed  by  the  help  of  a  few  cases.  Suppose  the  course  4  points  or  4^^,  and 
the  difference  of  latitude  loP  or  600';  then  if  this  difference  of  latitude  is 
made  good  in  any  latitude  below  30°,  the  error  of  the  difference  of  longitude 
win  not  exceed  2';  if  made  good  between  the  parallels  of  40°  and  50^  tho 
error  will  be  about  3' ;  and  between  60°  and  70°  about  19',  or  }  of  a  degree. 
For  smaller  distances  the  errors  will  be  much  less,  and  for  greater  distances 
much  greater,  as  they  vary  in  much  more  rapid  proportion  than  the  distances. 
It  has  been  observed  before  that  when  the  course  is  large,  the  difference  of 
loAgitode  should  be  found  by  middle  latitude  in  preftrenee  to  MercaAer's 
•ailing;  becavse^  although  tiie  latter  is  mathematically  eorrect  in  principle^ 
yet  a  small  ertor  in  the  oourse  may,  when  tlie  oouroe  is  las^ge,  produce  ^ 
oottsidevable  error  ia  the  difference  of  longitude.  The  reason  of  this  i#  easilj 
shown.  In  middle  latitude  sailing  we  convert  the  d^pmimre  aato  diflhre»s# 
of  longitude.  The  process  increases  the  departure  in  a  proportion  which  is 
lees  than  2  to  i  in  all  latitudes  below  60^ ;  and  exceeds  3  to  i  in  all  latitudes 
beyond  70^  The  error  of  the  departure,  increased  in  the  seme  proportion, 
beoomes  thus  the  error  of  difference  of  longitude.  Now  when  the  course  in 
nearily  B.  or  W.,  the  departure  is  nearly  the  same  as  the  distance,  and  an 
arror  of  some  degrees  in  the  course  does  not  affect  the  de|Mu:ture  sensibly; 
hence  in  this  case  the  error  of  the  difference  of  longitude  depends  on  that  of 
the  distance  alone.  But  in  Mercator's  sailing,  on  the  other  hand,  we  convert 
the  meridional  iifftrmM  ofltdiWie  into  differeone  of  longteide,  and  tbe  pittess 
when  the  eouise  is  large,  converts  a  given  meridional  diflbrenee  of  latitnde 
into  a  difiBreoee  of  longitude  mueh  gneater  than  itself;  and  thns  i 
the  error  of  the  meridional  differenoe  of  latitude,  in  Aa  saMo 
Xhns,  for  example,  at  the  oeurse  So*",  five  di£BMmioe  <rf  longjtwda  eosoeeiis  the 
meridional  difference  of  latitude  in  the  proportion  cf  6  to  i ;  at  the  eottne  8sP 
this  proportion  is  1 1  to  i .  Now,  when  the  course  is  large,  a  slight  change 
in  it  sensibly  affects  the  difference  of  latitude,  and  also  the  meridional 
difference  of  latitude,  which  is  deduced  directly  from  it.  In  high  latitudes 
the  meridional  parts  vary  rapidly,  and  the  error  of  the  diffsBenoe  of  longitude 
is  increased  accordingly ;  hence  Uie  precept  more  especially  demands  attention 
in  high  latitudes."— i2<^w*'«  JPraeHee  of  Kigvigatim^  pp.  103-104. 
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THE    DAY'S   WORK. 


137.  This  is  the  process  of  finding  the  ship^t  place  at  Noon— that  is,  its 
latitude  and  longitude,  having  given  the  latitude  and  longitude  at  noon 
preceding,  or  a  departure  taken  since,  the  compass  courses  and  distances  run 
in  the  interval,  the  leeway  (if  any),  variation  and  deviation  (if  any),  direction 
and  rate  of  current  (if  any),  &o.,  &c. 

BULE  Lm .♦ 

i^  Qarrect  each  course  in  eucceesion/or  leeway,  variation,  and  the  deviation 
due  to  the  direction  of  the  ehip*i  head  (see  Bules  XXX  to  XXXVI,  pages  94  to 
1 06),  iohich  arrange  in  the  tabular  form  at  in  the  eaample  following.  Add  togeikor 
the  hourly  distances  sailed  on  each  course,  and  ineert  the  eame  in  the  2Mle, 
oppoeite  the  true  couree. 

Nora.— Allow  the  leeway  in  points  before  expressing  the  oonrse  in  degrees. 

^  (a)  If  a  ship  has  been  lying-to,  take  the  middle  point  between  the  direct 
iion  of  her  head  when  the  comes  up  to  the  wind  and  when  the  falls  oSfrom  it  for 
the  course.  AUow  to  this  couree  the  mean  of  the  deviation  upon  the  two  direc- 
tions of  her  head  as  the  deviation,  then  correct  for  variation  and  leeway  as 
usual. 

Departure  Course.— FA#m  a  departure  has  been  taienf  coneider  the 
opposite  to  the  bearing  ae  a  course,  which  correct  for  variation,  and  the 
dewlatlon  due  to  the  direction  of  the  ship's  head  when  the 
liearlng  was  taken,  and  imert  in  the  Table  ae  an  actual  course,  with  the 
distance  of  the  object  ae  a  distance.  The  departure  course  ie  generailgput  down 
in  the  Tablee  ae  the  first  course. 

As  the  ship  leaves  the  land,  the  bearing  (by  oompass)  of  some  prominent  object  or  known 
headland  Is  taken,  and  ite  distance  ie  genendlj  estimated  by  the  eye ;  tbie  process  is  called 
*«*  taking  a  departmre."  The  latitude  and  longitnde  of  the  landmark  are  known;  and  thence, 
by  sappoeing  the  ship  to  have  sailed  on  a  course  the  cpponU  to  the  bearing  of  the  object, 
through  the  distanoe  that  object  is  off,  we  thoa  obtain,  on  commencing  a  Toyage^  a  deters 
minate  starting  point,  from  whence  to  reckon  the  subsequent  courses  and  distances.    Thne, 


,  --    entire  process  of  computing  the  Dav's  Work  has  already  been  giren,  and 

if  the  learner  has  thoroughly  mastered  the  rules  laid  down  in  the  preceding  pages,  he  will 
And  no  difficulty  in  working  the  Day's  Work  without  z^ferenoe  to  them. 
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0«pponiigf  for  ezamploy  a  ship  leaving  the  Tyne  obeenres  Tynemoath  Light  dipping,  and 
aettiag  it,  findi  its  bearing  to  be  W.  by  N.,  distant  (by  estimation)  20  miles.  Now  in  sailing 
from  Tynemonth  Light  to  the  present  position  of  the  ship,  she  wonld  have  to  sail  in  the 
epponU  direction  to  the  bearing  of  the  light,  viz.,  E.  by  S.,  ao  miles.  At  the  end  of  the  day, 
the  Bay's  Work  gives  ns  a  change  of  the  ship's  place  as  referred  to  the  landmark,  tmd  mo< 
IA#  9tij^po99d potilion.  For  methods  of  determining  the  distance,  see  Bapev't  IVae(ic$  of  Na/oi» 
^ien^  on  Taking  Departures,  ch.  lY,  pp.  114-122. 

Current  ConrseB — The  set  of  a  current  is  to  he  corrected  for  variation  onlff 
{heit^  correct  magnetic),  and  inserted  in  the  Table  as  a  coorBe ;  the  drift  being 
taken  as  a  distance.  The  current  coarse  is  generally  inserted  in  the  Table  as  the 
last  course. 

Having  thus  corrected  all  the  courses 

2^  Tdke  out  of  the  Tracerse  Tables  (Table  I  or  11,  Baprr  or  Nobis)  the 
difEerenoe  of  latitude  and  departure  to  each  course  and  distance,  (see  Bule 
XLj  page  112),  and  proceed  to  find  the  difference  of  latitude  and  departure 
wuide  good  as  directed  in  Bule  XLTT,  page  1 16,  T^acerse  Sailing. 

3^.    Mnd  the  course  and  distance  made  good  (see  Bule  XLT,  page  1 14). 

4^  To  find  the  latitude  In  by  applying  the  difference  of  latitude  to  the 
latitude  from  (see  Bule  XX YI,  page  80). 

(a)  When  the  lot.  left  and  diff.  lat.  are  of  the  same  name  their  sum  will 
be  the  latitude  in. 

(b]  When  the  lat.  left  and  diff.  lat.  are  of  contrary  names  take  the 
differencOy  and  the  remainder  will  be  the  lat.  in,  and  of  the  same  name 
as  the  greater. 

If  a  departure  has  heen  taken,  the  difference  of  latitude  is  to  he  applied  to  latitude  of  the 
point  of  land ;  if  otherwise,  to  yesterday's  latitude. 

To  find  the  difference  of  longitude.— The  difference  of  longitude 
is  obtained  from  the  departure  made  good  either  by  Middle  Latitude  or 
Mercator's  method ;  and  when  a  ship  has  made  a  due  East  or  West  coursci 
the  diff.  long,  is  found  by  Parallel  Sailing. 

KoTB.— When  the  course  is  less  than  5  points  or  56®,  the  difference  of  longitude  may  he 
found  by  either  or  hoth  MiddU  Latitude  or  Mercator's  method,  hut  if  the  course  exceeds  5 
points  the  method  of  MiddU  Latitude  should  be  used  in  preference  to  Mereator^s  (see  Semarke 
In  page  137). 

5"".    To  find  the  difference  of  longitude  by  Middle  Zaiiiude  Sailing. 

(a)  Find  the  middle  latitude  as  directed f  Bule  XXVII,  page  82. 

(b)  Next  at  the  page  of  Traverse  Table  on  which  the  degrees  fat  top  or  bottom) 
correspond  to  middle  latitude,  find  the  departure  in  a  difference  of  latitude 
eolum%  then  the  corresponding  distance  is  the  difference  of  longitude  of  the  same 

I  as  the  departure  (see  Bule  XLIX,  4^,  page  128). 


KoTB.— If  the  departure  exceeds  300  take  half  of  it,  and,  haying  found  the  distance  cor« 
responding  thereto,  douhle  it. 
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(c)  Or  thug,  by  calculation :— 7b  hg.  Beo.  of  middle  latiMe  add  hg.  ofdep,^ 
the  sum  (rejecting  lo  from  the  index  J  is  the  log,  ofdiff,  of  long,  (see  page  127). 

Wlien  the  latitude  left  and  latitude  tn  are  of  contrary  names,  that  is,  in  low  latitudes,  uo 
se&flit^e  error  can  arise  from  taking  the  departure  itself  as  the  difiiarenoe  of  longitude. 

6^.    To  find  the  difference  of  longitude  bg  Parallel  Sailing, 

With  the  latitude  ae  a  course  and  the  departure  in  a  difference  of  latitude 

Solumn^  then  the  corresponding  distance  is  the  difference  of  longitude  (see  Bule 

XLTTT,  page  122). 

7*.    To  find  the  difference  of  longitude  bg  Mercator^s  Sailing. 

(a)  Find  meridional  difference  of  latitude  (see  Bule  XXY,  page  80). 

(b)  Then  with  course  and  meridional  difference  of  latitude  (in  a  latitude 
cohmnjf  find  the  corresponding  departure,  which  is  the  difference  of  longitude 
(see  Bule  LTT,  page  136}. 

(c)  To  find  the  longitude  in.—  Under  the  long,  lejt  write  the  D,  Long., 
with  the  same  name  as  the  Dep.  If  long,  left  and  D.  Long,  have  the  same  name 
(E.  or  W.)  taie  their  sum /or  the  Long,  in,  of  the  same  nmne  as  Long,  left 
Except  their  sum  exceeds  180®,  in  which  ease  subtract  it  from  360°,  and  mark 
the  remainder  W.  when  long,  left  is  E.,  but  E.  when  long,  left  is  W.  If 
long,  left  a/nd  D.  Long,  ha/ce  different  names  (one  E.  and  the  other  W.)  taJ» 
their  difference  for  the  long,  in,  of  the  same  name  as  the  greater  ^ule 
XXIX,  page  84). 

When  a  departore  has  been  taken  the  longitude  left  is  thai  of  the  point  of  land;  otherwise 
that  of  yesterday. 

EXAMPLE  I. 


OOUBSBS. 


Winds. 


East. 

East 
W.N.W. 

W.N.W. 

West. 

West. 


Leb- 

WAT. 


pts. 


It 


Devia- 
tion. 


7»E. 

9«E. 

7i'W. 

fW. 
aJ'W. 

lo^W. 


RSMABXS,  Ac. 


A  point  of  land  in 
lat.  42<'  12'  S.,  long. 
4»»  58' W.,  bearing  by 
oompass  E.  by  N.  |  N. 
dist.  a  I  miles.  Ship's 
head  S.S.B.  ^B.;  de- 
viation as  per  log. 


Variation  ao»  W. 


AcurrentsetW.8.W. 
oorrect  magnetic  a6 
miles  firom  the  time  the 
departure  was  taken 
to  the  end  of  the  day. 
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n$  Da^t  Wiri. 


Ht 


1%$  Jkpartmn  OmrM. 

The  opposite  point  to  E.  by  N.  \  N.  id 
W.  by  8.  \  8.,  and  the  ship's  head  bein? 
8.S.E.  \  £.,  the  deviation  is  same  as  given 
in  log.  for  S.8.E.  \  E.,  viz.,  7*  E. 

W.  by  8.  i  8.  =  6\  pts.  B.  of  6. 


Deviation    7^B.) 
Yariation  20  L.  j 


or  73' 
»3 


8'B.ofS. 


TrneooQiM  60    8  B.  of8. 

or  8.  60*  W.,  distance  ai  miles. 

This  is  inatrted  in  the  TraTene  Table  as  lat  Coiint. 


I  id  (hun$,  8.8.E.  ^  E. 

I        S.S.E.iS.  =  a}pts.  L.ofS. 
I    Leeway  a     ,,    B. 

oj  „    L.  ofS. 

'  ors«>38'L.ofS. 

I    Dev.   7«>B.\  ,,        J 


H.  X. 

I  41 

a  4*3 

3  50 

4  5'a 

5  4'o 

2a'7 


True  course    18  38  L.  of  8. 

or  8.  19°  E.,  distance  22*7  miles. 

The  distance  227,  is  found  by  adding  up  the 
hourly  distances  sailed,  until  the  course  is  altered  at 
6  o'dock.  Insert  this  course  and  distance  as  snd 
course. 


K. 

4'« 
3-8 
35 
3» 


2nd  Cbw^e^  N.N.E. 

The  deviation  for  N.N.E.  is  9<>  £. 

N.K.£.  =  apts.  B.ofN. 
Leeway  2^  „    L. 

^„   L.ofN. 

or  N.  %^'  W.  of  N.,  L.  of  N.     14  6 
Dev.    9<>B.  \  ,.        J 
Var.  20  L.  I  "        ^• 

True  course    13  49  L.  of  N. 

or  N.  14*  W,,  distance  14*6  miles. 

The  distanot,  14*6  is  found  by  adding  up  the 
hourly  disCanoes  from  6  o'dook  uatfl  the  coarse  is 
ehsDged  al  10  o*eU>ck. 


3r<f  OourHj  S.W.  }  W. 

The  deviation  for  S.W.  J  W.  is  7I*  W. 

8.W.JW.  =4ipts.B.of8.      H.    K. 
Leeway  1}   „    L.  10    3-5 

—  113'^ 
2|   „   B.  ofS.    12    4*0 

—  I    42 
or  30*56'  B.  of  8.           

True  eourse       3  26  B.  of  8. 
or  8.  3*  W.,  distance  15*3  miles. 

Distance,  i5'*|.  is  found  by  adding  up  hourly  dis- 
tances firam  10  o'dock  until  s« 


4M  (hur8$j  K.  i  E. 
The  deviation  for  N.  i  HL  la  i<>  W 
N.iE.  =  ^pt.B.  ofH.  H. 

I'Mway  2}  „   B. 


Der.    i°L. 
Yar.  20  L. 


2|„   B.ofN. 

or  30*56' B.  of  N. 
)  2.    oL. 


TVue  course      9  56  B.  of  N. 


9  56 
•ft, 


X. 

»    43 

3  4*4 

4  4*5 

132 


or  N.  10*  E.,  distaoce  13*2  mUes. 


Sth  Oouru,  8.8. W. 

The  deviation  for  8.8.W.  is  24<*  W. 
8.8.W.=:2   pts.  B.  of  8 


«i 


B.of8. 


H.  X. 

5  6-2 

6  6*4 

7  6*2 

8  65 


or  i6°53'  B.  of  8. 

True  course         5  37  L.  of  8. 
or  8.  6*  E.,  distance  25*3  miles. 


6MCbiirs«,N.byW.iW. 
ThAder.lsrK.byW.iW.isidoW.  H.   x. 
N.byW.JW.=  iJL,ofN.        9  6» 
IB.  10  5-7 


iL.ofK. 
or  8*26'  L.  of  N. 


"  5*3 
«a  5*4 

•2S6 


True  course   38  26  L.  of  K. 
or  N.  38*  W.,  distance  2a'-6. 


Ckmmt  OMtTM,  W.8.W. 

W.6.W.s=6pts.B.of8. 
or  67*30' B.  of  8. 
Deviation  20    o  L. 

47  30  B.  of  8. 
or  8.  48*  W.)  ^isUnce  36'. 
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The  oorreoted  oonnes  are  written  down  to  the  nearest  degree,  and  the 
work  will  stand  as  follows : — 


Courses. 

Dist. 

N. 

6. 

B. 

W. 

8.  6o«>W 

SI 

22-7 
146 

15*3 
13-2 

26 

14a 
130 
17-8 

lo-s 
15-3 

17-4 

7-4 

182 

X\ 

139 
193 

8.  lo  B ••• 

N.  14  W 

8,     3  W 

N.  lo  B 

8.     6B 

N. 38  W 

8.  48  W 

450 

899 
4S-0 

ia-3 

55*7 

12-3 

44-9 

43-4 

Differenoe  latitade  44*9  ] 


Bepartare  ii^l     8^^« "^ T*^l« ^^     | Distance 6ij miles. }  P^iM- 


I  Ooorse  8.  44*  W.«  \  Rule  ZLI, 


Latitude  left  42^' 1 2' 8. 
Diff.  latitude      45  8. 


65^ 


Meridional  parts  2798  \  !;> 
Meridional  parts  2859  f  M  ^ 

Mer.  diff.  lat.  61 


V 


*  The  ooane  bdnff  less  tlum  s6b,  the  differenoe 
of  lons(itade  may  be  found  both  bj  middle  latitade 
and  Hercator's  method. 


Latitude  in   42  57  8. 
8um  2)85    9 

Middle  lat.    42  34 

Oourse  8. 44**  W.  \       .     .    m  • ,    jj     /  Differenoe  of  longitude  59-0 
Mer.  diff.  lat.  61 )     «*^®  ^^  ^^^^  ^^    \     (in  departure  column). 

Mid.  latitude  42j»      |       ._  >    T«Mi>  tt     /  Differenoe  of  longitude  59' 
Dep. 43-4  (-d. lat.))     ff»^o"»  Table H     |     (in distance  oolumnr^ 

>  left  4»°5«' W.  \      ^. 

>  hi    43  57  W. ;    "  S 


Longitude  left  42^58'  W. 
Diff,  longitude 


Longitude  i 

Previous  to  opening  the  Traverse  Table  to  take  out  the  differenoe  of  latitude  and  departure 
to  each  course  and  distance  in  the  above  table,  fill  up  the  columns  not  wanted :  thus,  in  the 
first  course,  8. 69"  W.  the  8.  and  W.  will  be  wanted,  and  the  N.  and  B.  will  not  be  wanted ; 
fill  up  these  last  two  columns  bj  drawing  a  dash  under  N.  and  B.  Proceed  in  the  same 
manner  with  the  other  courses. 

a.  To  JM  the  iifprmM  of  latUuie  and  dtparturo  to  each  ooutse  and  distance  bj  the 
aVaverae  Table. 

Bnter  Traverse  Table,  and  take  out  the  difference  of  latitude  and  departure  corresponding 
to  6o<*  and  distance  21'.    Lisert  them  in  the  columns  8.  and  W. 

The  second  oourse  is  8. 19*  B.,  and  the  distance  22**7 .  Then,  19  degrees  and  distance  227 
(omitttiug  the  decimal  point)  give  difference  of  latitude  214*6,  departure  73*9;  now  dropping 
the  tenths  in  each,  namely,  the  6  and  the  9,  and  shifting  the  decimal  point  one  place  to  the 
left,  we  have  difli9rence  of  latitude  21*5,  departure  7*4,  which  insert  in  columns  8.  and  B., 
the  course  being  marked  8.  and  B. 

The  third  course  is  IS.  14*  W.,  and  distance  14*6.  Look  for  14  degrees  and  distance  14-6, 
which  give  difference  of  latitude  141*7,  departure  35*3 ;  now  dropping  the  tenths,  the  7  and 
the  3,  and  increasmg  the  preceding  figure  by  i,  in  the  first  case,  as  the  tenths  exceed  5  we 
have,  by  removing  the  decimal  point  one  figure  to  the  left,  the  difference  of  Utitude  14*2, 
and  departure  3*5. 

Proceed  in  this  way  with  the  remaining  courses. 


Digiti: 


zed  by  Google 


Us  Day* 9  Work. 


«43 


Kezft  we  find  the  flam  of  the  four  oolamnB,  when  it  appears  the  ship  has  sailed  45*0  K., 
«nd  89-9  S. ;  therefore,  upon  the  whole,  the  difEerenoe  of  latitude  is  44*9  S.  The  sum  of  the 
eaitings  is  12*3,  of  the  westings  557,  and  the  departure  made  good  is  43*4  W. 

3.  2b  JM  the  Gomm  and  Distance  made  good^^The  difierenoe  of  latitude  is  44*9  and 
departure  43*4  found  to  correspond  in  their  colomns,  give  course  S.  44°  W.,  distance  62^ 
nileB  (see  Bule  XU,  page  ii4}« 

4.  We  nest  apply  the  diffinence  of  latitude,  45'  S.  (44*9),  to  the  latitude  left,  42"*  12'  S., 
(the  latitude  of  point  of  land),  taking  the  mmn ,  as  they  are  of  the  same  name,  and  the  latitude 
4i>  57'  8^  takes  the  name  of  either  (Rule  XXVI,  page  80}. 

5.  2b  JM  th$  Diffirmce  of  Z<mgUude.^TtikB  out  the  meridional  parts  for  latitude  left, 
42<*  12',  and  also  for  latitude  io,  42*  57',  and  take  the  less  from  the  greater,  as  the  latitudes 
are  of  one  name.    The  remainder  is  meridional  difference  of  latitude  (XXY,  page  79). 

Or,  find  middle  latitude  by  adding  together  latitude  left  and  latitude  in,  and  divide  the 
sum  by  2;  the  quotient  is  the  middle  latitude  (Rule  XXYII,  page  82). 

Then  the  course  44%  in  Table  II,  and  meridional  difference  of  latitude  61',  found  in 
difference  of  latitude  column,  giyes  in  departure  column  59',  or  difference  of  longitude  59' 
(Bale  Ln,  2%  page  136}. 

Or,  the  middle  latitude  42}'*  in  Table  II,  and  departure  43*4  in  difference  of  latitude 
column,  gives  in  distance  column  59',  the  difference  of  longitude  (Rule  XLIX,  4*,  page  128}. 

Thus:— Mid.  lat  42*  and  dep.  43^*4  give  in  dist.  column  58! 

,»  59$ 


and 


43 


434 


2)118 

Diff.  long.  59 

The  difference  of  longitude  59^  W.  (that  found  by  Meroator's  sailing),  added  to  longitude 
left  42*  58'  Wt,  gives  longitude  in  43*  57'  W.  (Rule  XXIX,  page  84). 

EXAMPLE  n. 


H.          Courses. 

K. 

A 

Winds. 

Lee- 
way. 

Deviation. 

Remarks,  &c. 

W.  by  8. 
8.  by  E. 

'5- 

3i 

o» 
8°W. 

A  point  of  land  in 
lat.  62»  18*  K.,  long. 
850  17' E,  bearing  by 
compass  N.  by  E.  J  E^ 
i6mUe8.  8hip'8head 
8.  by  W.  Deviation 
as  per  log. 

8.  by  E. 

«* 

15°  B. 

North. 

3 

i8J«  W. 

Variation  42^  E, 

8,  by  W, 

0 

i6J«>W. 

N.  by  E. 

3i 

191°  E. 

A  current  set  the 
ship  W.8.W.  (correct 
magnetic),  23  miles. 
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W.    N.    B.    8.    W.    N. 


The  Departure  Ccuree. 

The  oprotite  point  to  K.  by  E.  \  E.  is 
8.  by  W.  \  W.,  and  the  ahip'a  head  being 
8.  by  W.,  the  deviation  is  the  same  aa  given 
in  the  log.  for  6.  by  W. 

e.  by  W.  i  W.  =  I J  pU.  E.  of  8. 


Var.  42' 
Dev.   o 


f^) 


or  14^ 
4a 


4'  R.  of  8. 
o  B. 


True  oonrre       56    o  B.  of  8. 
or  S.  j6<*  W.^  dieCanoe  16  milee. 

This  is  inserted  in  the  Traverse  Table  as  ist  Course. 


itt  Cburse,  8.  by  W. 

The  deviation  for  S.  by  W.  is  o, 

fi.byW.ri         i    pt.E.  ofS. 
Leeway  2^  „  L. 

I J  „  L.  ofS. 

er  i4»  4*  L.  of  S. 


Dev.o         ) 
Var.42<'E.)   ^' 


o  E. 


H.      X. 

I    4-» 

»    39 

3    4 
44 

16 


TiueOoone    at    oR.  of& 

or  8.  iV"  W^  dietanoe  16'. 

The  distanoe  16'  is  found  hj  adding  up  the  hourly 
distances  until  the  oonrse  is  ofaansfdl  at  5  o'clock. 
Insert  this  ooune  and  dktaaoe  in  Traverse  Table  as 
the  and  course. 


tnd  Omree,  S.W.  }  W. 
The  deviation  for  S.W.  }  W.  is  8«  W. 


«.W.  t  W.  = 
Leeway 

8am  exc.  8  pts. 
8abtraot  from 


4Jpts. 
3*   »i 

16 


of  8. 


E.of8. 


7|   „    L.ofN. 


3*5 
34 
3« 
3 

»3 


I>e¥. 

Var. 


orSy^ii'L.cfN. 


42  R.)  ^* 


o  R. 


True  Coarse  53    o  L.  of  N. 

or  N.  53*  W.,  distance  13'. 

The  distanoe  is  obtained  by  adding  up  the  hourly 
distances  sailed  ftroot  5  o'clock  untu  the  course  is 
changed  at  9  o'clock. 


$rd  Oneree,  E.  |  8. 
The  deviation  for  E.  f  6.  is  15*  E. 

E.  fS.  =            7Jpts.  L.  ofB.       M.  K. 

I^o^ay                »t   „*L.                9  5'4 

10  5*6 

L.  of  8.      If  5*4 

12  5*6 


Sum  ezo.  8  pts.    9 
Subtract  from    16 


E.ofN. 


JH7, 

Var.  42  E. 


or  79°E.ofN. 
'^^)       57  R. 


57  R.ofN. 


Sum  exc  qC*     i  36  E.  of  N. 
Subtraot  from  180 

True  Course      44  L.  of  6. 

or  S.  44^*  £.,  distance  22'. 

Hourly  distances  sailed  from  9  o'clock  until  course 
is  changed  at  1  o'clock  being  added  up,  give  the  dia* 
tonoe  to  enter  in  the  TcaTerse  TaUe. 


4/A  Omtm,  W.N.W. 

The  deviation  for  W.N.W.  is  18 J*  W, 

W.N.W.=  6  pU.  L.ofN.      H.    K. 

Leeway  3    »»    L.  i    4-4 

—  a    4*4 

Sum  exc  8  pts.      9    „    L.ofN.      3    4-2 
Subtract  from       16  45 

7  E.cf8.  i8-o 

or  78^45' E.  of  8. 

Sam  exc.  90"       102  E.  of  8. 
Subtract  from     180 

True  Course        78  L.  of  N. 

or  N,  78*  W.,  distance  18'. 

The  disUnoe  is  tommA  by  addixig  up  hourly  dia- 
tonoes  sailed  from  1  o'doek  u&ttl  me  course  Is 
ehMii|edsl50*olook. 


Sth  (hurte,  N.W.  i  N. 
The  deviaUon  for  N.W.  i  N.  is  i6|»  W. 

N.W.JN.=   3jpU.L.ofN.  H.    K. 

Leeway             o  S    9'^ 

—  6  lo's 
3t   „    L.ofN.  7  1 1-4 

—  8  11-8 
or  39<»22'  L.  of  N.  — * 

Dev.  i6»3o'L.  \  ,-  ,«  «  43-0 
Var.  41      E./*5  3oE. 

True  Course      13  52  L.  of  N. 
or  N.  i4«  W.,  distance  43'. 

Add  up  hourly  distaniys  sailed  from  5  o'docfc  until 
course  is  changed  at  9  o'clock. 
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6tA  Qmrm,  E.  }  N. 

The  deviation  for  £.  f  K.  is  19}*  E. 

E.}N.=  7jpt8.  B.ofN.    H.  K. 

I^c'^y  3i    n    ^'  9  3*4 

10  3*2 

Sam  esc.  8  ptfl.     \o\   „    B.  ofK.  11  3*0 

Sobtract  from       16  11  2*4 


Owrrmi  Omtrts,  W.aW. 

W.8.W.  =  6pti.B.ofS. 
or67®3o'kof8. 
Variation         42    o  B. 


Sam  ezc.  90®     109  30  B.  of  S. 
Subtract  Irom    1 80 


Si 


L.ofS. 


True  coorse         70  30  L.  of  N. 
or  N.  71*  W.,  diatance  23'. 


or6i<»53'L.of8.  I 

True  Coarse  o    8  L.ofB. 

or  Sonth,  distance  12'.  ' 

ISie  corrected  couraeB  are  written  down  to  the  nearest  degree,  and  the 
vork  will  stand  as  follows : — 


Ooorses. 


Dist. 


8.  28  W. 

8.  44  E. 
N.78  W. 
N.  14  W. 
Soath  ... 
N.71  W. 


16 
16 

«3 
22 
18 

43 
12 

a3 


N. 


S. 


7-8 

3'7 
41-7 

7*5 


8-9 
141 

158 


W. 


'5*3 


13-3 

rs 

IO-4 

17-6 
104 

21-7 


607 
508 


50*8 


«5*3 


_9:9_ 


8o'9 
»S-3 


6s'6 


Coarse  N.  81^''  W.,  distance  66i  miles. 

DifL  lat.  9'*9  and  dep.  6s''6  being  found  to  correspond  in  tlieir  colomns,  give  coarse 
N.  8i}<'  W.»  distance  66 J  miles.  Coarse  exceeds  56^,  diff.  long,  mast  be  fbnnd  bj  middle 
latitade  sailing. 


lAtleft 
Diff.  lat. 

Lat.  in 


62«>i8'N.^ 
10  19 


62  28  N. 
124  46 


lGd.lat.      62  23 


II 


The  mid.  lat.  is  high  and  between  two  whole  degrees, 
therefore  wo  proceed  thus :— 

Mid.  lat.  62^  as  coarse  (in  Table  II),  and  dep.  65*7 
(nearest  to  6^*6)  as  diff.  lat.,  give  in  dist.  oolnmn  140;  and 
mid.  lat:.  63^  aod  dep.  65*8  (nearest  to  65'*6)  as  diff.  Ut., 
give  in  diat.  column  145 :  whence  it  is  evident  that  for  1* 
(or  600  of  mid.  lat.,  the  diff.  long,  increases  5' :  we  next 
make  the  proportion 


Mid.  lat.  61*  gives  D.  long.  140 
Correction  for  23'  2 

.  Hid.  lat.  62"*  23'  gives  D.  long.  142 

B^  Ottlculation. 

Mid.  lat.  62°  23'        sec.    o-33390o 
Dep.  65'-6  log.    i '8 16904 

Diff.  long.  141'*^       log.    2150804 
or2»<iiV» 


60'  :  23'  ::  5  :  # 
5 

6,0)11,5 

2  nearly,  the  conection  for  23'. 


Long,  left   85^17' E.  \     o- . 
Diff.  long.     2  22  W.  ^2^<? 

—    s^Bl 

Long,  in     82  55  E.  /    R  S, 
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n§  Ik^i  WMt. 


W.  S.  B.  8.  W.  N. 


JDepartur^  Ooune. 
The  opposite  point  to  bearing 
W.  by  W.^  W.  iB  8.  by  B.  h  E. 
S.  by  £. }  B.  =  xi  pts.  L.  of  S. 

or  i6»53'L.  ofB. 

Var.  14  B. }    33    o  B. 

i6    7  B.ofS. 
or  8.  xe*  W.,  dietuce  xi', 
l«<  Omitm,  B.  by  &,  der.  ig"  E. 
B.by8.  =7  pti.L.ofB, 
Leeway  =  J  „    L. 

L.ofS. 


Der. 

Var. 


JTSilji 


7*   u    Ii.©! 
pr8x«34'L.ofS. 

oB, 


Itne  ooune    48  54  L,  of  8. 
or  8. 490  B.,  dietance  5/. 

Siul  OMfTM,  B.  2  8.,  dey.  ao**  B. 
B.f8.  r=  7*pte.L.of8, 
Leeway  =  J  „  L. 

L.ofS. 


Der. 
Tar. 


7|    „    L.OI 

r  87*11' L.  of  8. 


53  II  L.  of  8, 
or  8.  530  B.,  diatanoe  61'. 


3rd  OouTM,  E.aB  ,  der,  x8<>  B. 
B.aB.  s  6  pts.  L.  of  8. 
I-oeway       J  >i  L. 

62  ,,  L.of8. 
or  75*56' L,  of  8. 

Var.    14  B. }    3a   o  «. 

43  i^L. 
or  8. 440  B.,  d&taaoe  6^. 
4M  flMiTM^  N.E.  by  E.,  de^.  190  B. 
H^byB.B5  pt8.B.ofN. 
Leeways        4  »,  B. 


56  L.  of  8. 


B.ofN. 
ofK. 


or6x«53'ft. 
Der.  X90B.)  „  «-n 
Var.    X4  E. }    33    o  »• 

53  B.  of  N, 
o 


SomeKe^go^     04 
Bubtt  fran      180 


True  oonrae    85    7  L.  of  8. 
or  8.  85**  E.f  dUtonoe  68'*o. 
Sih  (hUTM,  8.B.  2  Bm  der.  150  E. 
8.B.|B.  8    4pt8.L.ofS. 
Leeways        f  „  L. 

5     „  L.  of8. 
or  56^15' L.  of  8. 


Der. 
Var. 


'3-?-}    «9   o 


14  B. 

True  oonrse    27  15  L.  of  8. 
or  8.  27<»  E.,  distance  25'. 
6th  Obur§»,  N.  by  B.,  dev.  20  E. 
N.byE.  =    1   ptB.ofir. 
I*«way  «     5l  „  L. 

4|.,  L.  ofN. 
ors3«ae'L.ofN. 

Var.    14  B.  I    '^   ^  *• 

37  26  L.  ofN. 

or  N.  37*  W.,  distance  s'. 

Current  Cknwie, 

N.W.  by  N.  =3  pts.  L.  OfK, 

M33**45'L.  ofir. 

Var.    14   o  B. 

19  jj  L.  of  1(. 
«r  K.  200  w.>  distance  13'. 


EXAMPLE  in. 


H 

Ck>ane8. 

E 

A 

Wind*. 

1 

Devia- 
tion. 

Remarks,  fto. 

E.  by  S. 

10 

6 

8.  by  E. 

pts 

i9»B. 

A  point  of  land  in 

II 
II 

4 
6 

i79»rB.2beaAn«jgr 
oompassK.bW.iW. 

II 

4 

12 

headB,by8.    Der. 

E.f  8. 

12 

8.byE.JB. 

i 

20»E. 

as  per  log. 

12 

3 

12 

4 

12 

10 

12 

^ 

II 

E.8.E. 

«3 

4 

South. 

i 

i8»E. 

12 

»3 

4 

'3 

6 

Variation  14'E. 

'4 

3 

'4 

1 

N.E.b7E. 

'3 

8 

N.byW. 

i 

19*  B. 

5 

n 

8 

6 

'3 

5 

7 

»3 

5 

8 

9 
10 

S.E.  i  E. 

»3 
12 
12 

4 
5 
5 

88WJW 

* 

i^E. 

A  current  set  the 
ship  N.W.  by  W.  cor- 
rect magnetic  zsials. 
ftomthetiinethede- 
t>arture  was  taken  to 

II 

N.byE. 

a 

4 
6 

E.N.E. 

5* 

a'B. 

12 

2 

theendefthediiy. 

Oonnof. 

Dist. 

N. 

& 

E. 

W. 

8.49»E.    .. 

S.53'B.    .. 
8.44'EL    .. 
8.85»E.    .. 
8.27<»E.    .. 
N.37«W... 
N.2o<»W.., 

II 

57 
61 

6l 

»5 

5 

13 

4-0 

12-2 

i0'6 

37-4 
36-7 
49"6 
5*9 
•»'3 

43-0 
487 
47-9 
677 
II-3 

3-0 

3-0 
4-4 

l6'2 

162*5 

l6-2 

a  1 8-6 
IO-4 

IO-4 

14^*3 

ao8-i 

lat.  1457  and  dep.  208*1,  found  to  oonespond  in  the  columns,  gxre 
8. 550  B.,  and  distanoe  254  mUes  (see  Bole  2X1,  ^age  114).' 


I>iflllat.i457andd( 
coiuse'' 


Lai  left. 
Bid:  lat 


*rjt'l: 


Mid.  lat.  49»as  course  in  Table  II,  and 
half  of  thedep.  i04*i(thewholedep.being 
too  large  a  number  to  be  found  in  the 
Table)siveeindistanCeoolumni59whioh 
^  multiplied  by  2  (as  only  half  ihe  dep. 
was  used  in  entering  the  Table)  gives 
dill  long.  3iemtl8e7 


or  50  it'-o 


2  50110a 


KoTx.— Use  diff.  long,  s'it'  asfound 
by  Calculation  in  preferenoe  to  that 
found  by  Inspeotion. 


LoM.kft      179*  7'E. 
D.  Long.  317'    5  17  E. 

Snmezo.x8o«x84  24  B. 
Subt.  from     360    o 

Long,  in       175  36  W. 


Digiti: 


zed  by  Google 


Th$  Dof/^M  Wwh 


H7 


Departure  Grnne, 

iringB.  by 

6ipts.I«. 

I>efr.  i/»45'». 


Opposite  to  bearing  B.  by  a  i  S. 
^     m-Im  of  a. 
or  73"  8^  Ik  of  8. 


3  3oI«- 


V«r,  ^  is  lI  i  

7638  L.  of8. 
or  8.  tT*  E.,  distenoa  is'. 

i««aNirM,S.byy. 

7  pte^B.ofy. 
iMTay      ^   „  L. 

6|    „   B.ofy. 
or7S*»s6'R.  ofy. 


i7*45'B. 


V«r.  ai  ii  L.' }      330  I*. 


72  96  iLofy. 

or  y.  72«  E.,  distance  49'. 
%nd  Oaurae,  E.8.B. 

6  pts.  L.  of  S. 
Leeway     _i    „  I*. 

6^    »,  L.of8. 
or73«  8'L.ofS. 


*"  r.  ai  IS  I*- 1 


Var. 


7  45  L. 


80  53  L.  ofS. 
or  S.  810  B.,  distance  42'. 

3rd  Oetme^  y.E.  by  B. 

5  pts.  &.  of  y. 

Iieeiray        x    „  L. 

4    „  R.ofy. 
or45«K.ofy, 
Dev.i7»i5'B.>  - 

Var.  a»  IS  L.  j     _4  ^ 

41  B.  ofy. 

or  V,  41'  E.,  dutenoe  33'« 
4<A  Omiree,  8.a.E^ 

a  pts.  L.  of  8. 
Leoway       i|   „  B. 

I    „  L.ofS. 
orS^ao'L,  of  8. 


»eir.   5*3''BJ 


IS  45  L. 


Vac  ax  15  li. 

24  11  L.  of  8. 
or  &  24<»  B,  distaofoe  39'. 

S^A  CbnTM,  8.B,  by  8. 

3  pts.  It.  of  8. 
Iteevay        a   „  B. 

1    H  L-ofS. 
orii^iS'L.  of8. 
Bar.   9»3o'B.)    -  _  „  j^ 
Var.  aiis  L.  J    **  ^  -^ 

24    oL.of8. 
«  8w  a4«  B.,  distance  az'. 

6<A  Ohitss,  E.8.B. 

6  pts.  If.  of  8. 
iMway       a^   9,  B. 


L.of& 


Dar.  i3<»|o'B. 


or4^irL.of8. 


V.r.«i5L:}_lf5l- 


49  56  L.  of  8. 
or  8.  50^  B.,  distance  19'. 
Current  (harwe,  8.8.W.  j^  W. 
aj^  pts.  B.  of  8. 

araF/B.ofS. 
Var.       21  IS  ^ 


or  8.  7* 


60 


:aB.ofS. 


18'. 


EXAMPLE  IV. 


H 

Coones. 

K 

A 

Winds. 

1 

Devia- 
tion. 

Bemarks,  fto. 

I 
a 

3 
4 

B.byN. 

8.E.  by  8. 

r 

i7rE. 

ApointfTynemoufh 
inIat.55<>i'N.,long. 
x»25'W.^bearinab7 
compass  w.  by.  In. 
dist  is  miles.  Slap's 
head  B.  by  y.  Bev. 
as  per  log. 

1 

E.8.B. 

South. 

i 

f3l-K 

7 

8 

9 

N.E.byE. 

S.E.byE. 

I 

i7j«E. 

10 

II 

12 

I 

aaE. 

East. 

•i 

5fB. 

Variation  aii^W. 

2 

3 

4 

5 

S.E.byS. 

E.byN. 

a 

8ioB. 

6 

7 

8 

A  oarrant  set  the 

9 

E.8.E. 

N.E. 

ai 

nf-B. 

ship  8.8.W.4W.  cor- 
rect magnetic  18  mis. 

10 

from  the  time  the  de- 

11 

parture  was  taken  to 

12 

1 

the  end  of  the  day. 

Gonrses. 

Dist. 

N. 

8. 

E. 

W. 

8.  77°E.    .. 
N.72  E.    .. 
8.  81  E.    .. 
N.41  E.    .. 
8.  24  E.    . . 
8.  34  E.    .. 
8.  CO  B.    .. 
8.     7  W.  .. 

15 
49 
4a 
33 
*9 
aa 

151 
24-9 

3'4 
6-6 

ao'i 
ia*2 
'79 

14-6 
466 

11-8 

146 

2*2 

40*0 

86-7 
40*0 

159'^ 

2*2 

2-1 

46-7 

157*4 

Diir.Ut. 
Departure   157 

Latleft,       s^  I'Uf. 
Dill  lat.  47  S. 

Latin 


To  find  B.  long, 
(x)  By  Caie¥latio». 


Lat  54*37' 
Dep.  xS7'-4 


sec.  0*237288 
log.  2']9709S 


D.  long.  371*8    log.  2*434293 


ICid.  lat  540  and  dep  157*5  ^  ^^  ^^^  column  (the  neanst  in  T^ble 


^, .  J57;, . 

to  157-4),  gives  in  dist.  column  268  for  difl.  long. ;  and  mid.  lat  55°  and 
dep.  157' 7  in  di£E.  lat  column  giye  in  dist  column  diif.  long.  275;  whence 
it  u  erident  that  for  x»  change  of  mid.  lat  we  haye  (275  —  268)  =  f 
change  in  dill  long.,  thus :— 60  :  37  s  •  7  •  4'3« 

Mid.lat54».dep.iS7giT«I>-l<»»- «^       Longleft  ^'*^S'J'\H 

Oorrect«mfor37'  -I-    4*3    D. long.  27a' or  4  3a  B.  |  ;*^ 

.•.Mld.lat54**J7'idep.i57'48iv«^a'3    Long. in  3    ?».)«& 


Digiti: 


zed  by  Google 


T^S 


Thd  Dafi  Work 


EXAMPLE  V. 


H. 

Connes. 

K. 

A 

Winda. 

Lee- 
way. 

DeTUUon. 

Bemarks,  &o. 

I 

N.E.  J  E. 

6 

N.N.W. 

'^i 

i6J«>  E. 

A  point  of  land  in 

2 

6 

lat  47»  35'  S.,  long. 
179°  26'  E.,  bearing  by 

3 

6 

6 

4 

6 

4 

compa88S.E.f  E.,di8t. 

5 

N.E.byE.JE. 

5 

7 

S.E.  i  E. 

ai 

171°  E. 

14  miles.    Ship's  head 

6 

5 

8 

N.E.  i  K     Dav.  aa 

7 

6 

3 

per  log. 

8 

6 

2 

9 

S.E.  i  E. 

12 

N.E.  by  N. 

o 

ii^E. 

lO 

'12 

4 

II 

!i2 

IS 

I 

Soath. 

6 
6 

E.S.E. 

2 

2i°W. 

Variation  25**  E. 

a 

6 

3 

6 

4 

2 

5 

N.W.bW.JW. 

4' 

8.W.  J  W. 

1} 

i8l«W. 

6 

t 

5 

A  current  set  the  ship 

7 

5 

N.E.  by  E.  t  E.,  cor- 

8 

6 

rect    magnetic,    36 

9 

N.W.  i  W. 

6 

S.W.bW.JW. 

i 

i8°W. 

miles,  from  the  time 

lO 

s 

the  departure  was 

II 

4 

taken  to  the  end  of 

la 

5 

the  day. 

Courses. 

Dist. 

1      N. 

8. 

R 

W. 

N.  la^W 

H 

25 
a4 
48 

;i 

It 

13-7 
4-6 

14-6 

'     377 

"•3 

45-9 
134 

a3-6 

14-0 

360 

a-9 

10*6 
32-8 

597 

8.  63  E.    

N.70  E 

8.  17  E 

8.  4c  W 

N.36  W 

N.41  W.  ..„ 

East   

70*6 
70*6 

1 

70-6 

959 

597 

36-a 

Having  filled  up  the  TraTorse  Table,  the  sum  of  the  Northings  and  Southings  are  equal, 
consequently  the  latitude  remains  unaltered,  or,  the  ship,  after  sailing  the  foregoing  courses 
and  dutances,  has  returned  to  the  same  parallel.  Altofrether,  the  vessel  has  sailed  95^*9 
towards  the  east  on  four  courses,  while  she  has  made  59**7  Westing  on  the  other  four,  leaving 
36'*a  of  progress  towards  the  East ;  hence 

The  Course  is  East,  distance  36'-a  (see  BiHe  XLII,  e^*  (b),  page  117). 
ToJInd  the  Latitude  and  Longitude  in. 

The  ship  not  having  altered  her  latitude,  the  latitude  arrived  at  is  the  same  as  the  latitude 
left,  via.,  47*  35'  S.,  and  consequently  the  diff.  of  long,  made  good  is  to  be  found  by  Parallel 
Sailing,  Rule  ^LIY,  page  122,  thus:^ 


Lat  47  i*  (m  course)  ) 

and  Dep.  (in  diff.  lat.  column)  ] 

By  CaleulatioH  (page  122). 

lAt-  47*  35'  ■«>•    o- 1 7 1 007 

Dep.  36''a  log.    1*558709 

Diff.  long.  537      log-    r7a97i6 


give  in  Table  II 

Long,  left 
Diff.  long. 


i      Diff.  long.  53J'. 
I  (in  distance  column). 


Long,  in 
Subtract  from 

Long,  in 


179*^26'    E. 
+  53'5  E. 

180  19-5  E. 
360    p 

179  AO'5  W.  i 


ii' 


Digiti: 


zed  by  Google 


i%e  Bay^B  Work. 


14^ 


Examples  fob  Praotice. 
EXAMPLE  I. 


H. 

Coarses. 

K. 

iV 

Winds. 

Lee. 
way. 

DeviatioD. 

Bemarks,  &o. 

~pt8. 

S.E.  by  S. 

12 

5 

E.  by  N. 

1 

3'E. 

A  point  of  land  in 

12 

lat-  35*  '5'  N.,  long. 

12 

75**  30'  W.,  bearing  by 

12 

compaaa    W.    by   N., 

EaBt. 

9 

N.N.E. 

I 

23'»E. 

diet.  19  miles.    Ship's 

9 

head  S.E.  by  8.;  de- 

9 

viation  ati  per  log. 

9 

N.E.-; 

10 

N.N.W. 

* 

iV^'E. 

10 

10 

11 

10 

12 

10 

North. 

II 
10 

W.N.W. 

f 

4-E. 

VariaUon  15'  W. 

10 

10 

N.N.E. 

II 

East. 

i 

13°  E. 

10 

10 

10 

A  current  set  N.E.  by 

E.N.E. 

9 

North. 

I 

iSi'E. 

E.  correct  magnetic  52 

10 

8 

miles  from  the  time  t  he 

II 

9 

departure   was  taken 

la 

9 

to  the  end  of  the  day. 

EXAMPLE  II. 


Courses. 


K. 

iV 

9 

4 

9 

6 

9 

10 

4 

10 

2 

10 

4 

6 

7 

6 

6 

6 

7 

8 

6 

6 

4 

4 

2 

5 

5 

Winds. 


s.aE, 

S.  by  W. 

8.  by  E.  J  E. 

S.E.  by  E. 

E.S.E. 

E.  by  N. 

S.E. 


Lee- 
way. 


pts. 


2 
3i 


Deviation. 


Bemarks,  &o. 


i6»E. 

I2»E. 

i5»E. 

o« 

2*E. 

8*E. 
18'E. 


A  point,  Flambro' 
Head,  lat  54'>  7'  N., 
long.  0°  5'  W.,  bearing 
by  compass  N.W.  b  W. 
dist.  17  milee.  Ship's 
head  E.S.E.  Deyia- 
tion  13"  E. 


Variation  25®  W. 


A  current  set  (correct 
magnetic)  N.N.E.,  6 
miles,  from  ttie  time 
the  departure  was 
taken  to  the  end  of 
the  day. 


Digiti: 


zed  by  Google 


f$C 


2X#  Da^$  W&ri. 


EXAMPLE  ni. 


H. 

Gonnea. 

K. 

A 

Winds. 

Lee- 
way. 

DeViatioD. 

Bemarki,  kc. 

PIB, 

9 

5 

•n  .^j. 

1                  a*  'n 

A. •_*       _*     «_        i       .^ 

9 

5 

9 

6 

9 

4 

3 

6 

4 

4 

5 

5 

6 

7 

6 

4 

5 

6 

r. 

6 

5 

6 

5 

4 

6 

5 

6 

6 

a 

6 

4 

7 

6 

5 

6 

4 

7 

7 

2 

EXAMPLE  IV. 


H, 

Gonncf. 

K. 

iV 

Windfl. 

Lee- 

way. 

DeviaUon. 

Bemarks,  &c. 

lO 
XI 
12 

6 

5 

9 

xo 

11 

12 

8.W.  i  W. 
N.}B. 

8.  by  E.  i  E. 

W.bya 

E.N.E. 

8.8.W.  J  W. 

6 
6 
6 
6 
8 
8 
8 

I 

5 
5 
4 
6 
6 

1 

6 
6 

7 
6 
6 
6 
5 
5 

8.byE.iE. 

E.N.E. 

8.W.iW. 

8.byW. 

S.E. 

S.E. 

pu. 

a 

i 

i4j*W. 

26-W. 

5*W. 

i8'W. 

A  point  of  land  in 
Ut.  4*0  12'  8.,  long. 
&>  5'  K,  beariag  by 
oompau  B.  by  8.  4  8., 
20  miles.    (8htp'Bhead 
W.byoompasa).    De- 
viation 9<'  E. 

Variation  14'  B. 

A  current  set  the  ship 
W.  by  8.  J  8.  by  com- 
pass 34  miles  per  hoar 
irom  the  time  the  de- 
parture was  taken  until 
the  end  of  the  day. 

Digiti: 


zed  by  Google 


lis  IkfU  Work. 


'S« 


JfiXAMPUS  y. 


H. 

1 

Oonnes. 

K. 

A 

Winds. 

Lee- 
way. 

Deviation. 

Bemarks,  &c. 

I 

'      W.8.W. 

9 

4 

N.W. 

pts. 

id-W. 

Apoint,lat.3j'io'N. 

2 

9 

6 

long.  5°  36'  W.,  bear- 

3 

9 

4 

ing  bycompass  E.  by  8. 
Ship's  head   N.N.E., 

4 

9  1  6 

5 

Nortli. 

IX 

4 

W.N,W. 

3^W. 

dist.  9  miles.     Devia- 

6 

II 

lion  9"  £. 

7 

II 

a 

8 

II 

4 

9 

N.W. 

8 

4 

W.8.W. 

i7»W. 

lO 

8 

6 

II 

8 

4 

la 

8 

6 

I 

aw.  by  8. 

II 

7 

W.  hf  K, 

s^w. 

a 

II 

5 

Varialion  23*  W. 

3 

II 

4 

4 

II 

4 

1 

W.8.W. 

9 
9 

6 

5 

N.W. 

WW. 

7 
8 
9 

9 

4 

Sut 

I 

4 

8J9.B. 

I 

15*^18. 

lO 

6 

4 

A  oorrent  set  the  ship 
(correct  magnetic) 

11 

6 

la 

6 

8.B.  by  E.,  15  mUee. 

EXAMPLB  VL 


Goimes. 


Winds. 


Lee- 
way. 


DerialioB. 


Bemarks^  ftc. 


I 
a 
3 

4 

i 

7 
8 

9 

10 

II 
la 

I 
a 
3 

4 

I 

7 
8 

9 
10 
II 


N.N.W.JW. 
E.8.E. 

8.|E. 

N.E.  i  N. 

W.JN. 
N.byE. 


N.E. 
N.E. 

E.8.E. 

E.S.E* 

8.8,W.  i  W. 
E.byN. 


It 


i 


a«W. 

7**E. 

a»W. 

8«B. 

9»  W. 

6«E. 


Apoint,lat.a9**59'N. 
long.  3a*54'E.,  tearing 
bycompassN.N.E.JE. 
dist  15  miles.  Ship's 
head  N.W.  by  W. 
DeTiation  6<>  W. 


Variation  2$""  W. 


A  onrrent  set  thevhlp 
(correct  magnetic) 
N.E.,  30  miles,  from 
the  time  the  departure 
was  taken  to  the  end 
of  the  day. 


Digiti: 


zed  by  Google 


I5£ 


The  Day'8  Work. 


EXAMPLE  VII. 


Winds. 


Lee- 
way. 


West. 


N.N.W. 


N.W.  by  N. 


West. 


E.S.E. 


E.  by  S. 


pts. 


DeviatioD. 


Bemarks,  &o. 


I9J»E. 


iJ-W. 


4rw. 


A  point,  lat.  44**  20'S., 
long.  1 78°56'W.,  bear- 
ing by  compass  E.  by 
N.  \  N.y  distance  18 
miles.  Ship's  head 
N.N.W.  Deviation 
as  per  log. 


i7j°  W.     Variation  15'  E. 


2I«W. 


20«W. 


A  current  set  the  ship 
(correct  magnetic) 
N.  by  E.,  18  miles, 
from  the  time  the  de- 
parture was  taken  to 
the  end  of  the  day. 


EXAMPLE  Vin. 


H. 

Courses. 

K. 

A 

Winds. 

Lee- 
way. 

Deviation. 

Bemarks,  &c. 

I 

E.S.E. 

N.E. 

'? 

if  E. 

Apoint,lat.62«i8N. 

a 

long.  Sf  17'  W.,  bear- 

3 

ing      by     compass 

4 

W.N.W.,  distance  21 

5 

KfN. 

N.N.B. 

3i 

17°  E. 

miles.       Ship's   head 

6 

E.S.E.     Deviation  as 

7 

per  log. 

8 

9 

E.fS. 

S.S.E, 

ij 

13°  E. 

10 

II 

la 

I 

S.W.  f  w. 

S.byE. 

3t 

8*W. 

Variation  6o«>  W. 

a 

3 

4 

5 

8.  by  W. 

5 

W.  by  S. 

^i 

o'* 

6 

- 

7 

A  current  set  the  ship 

8 

(correct  magnetic) 

9 

W.N.W. 

Norlh. 

3 

i7«W. 

E.byS.iS.,49mile8, 

10 

from  the  time  the  de- 

II 

parture  was  taken  to 

la 

the  end  of  the  day. 
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EXAMPLE  IX. 


H. 

1 

OOOTM. 

K. 

A 

Winda. 

Lee- 

1 

1 

way. 

ptB. 

I            Sontti. 

4     ^ 
4      C 

E.8.E. 

«i 

20»W. 

j;    i     K.E.iN. 

4     4 
6     4 
6 

E.  by  8.  i  8. 

I 

8<>W. 

9       S.8.W.  i  W. 
zo 

5     5         S.E.  i  8. 

li 

i6«E. 

I           K^S. 

8     ^  .  8.  by  E.  J  E. 

8       3 

i 

31' W. 

5    '     S.W.18. 

4     6  ,    8.8.E.  i  E. 

2 

15- E. 

5     4 

4  1  4 

4     ^ 

lO 

11 

IS 

6.E.  i  S. 

4 
3 

3 

E.byN.JN. 

I 

34*  W. 

Bemarksy  &o. 


20»  W.    I    A  point,  lat  jo»  32'  N. 

I  loDg.  23-54' W.,  bear- 
ing   by    oompatB 

;  N.E.4N.,di8t.23mUe0. 
Ship's  head  fijonlh, 
DoTiation  as  per  log. 


Variation  53*  W. 


A  current  set8.E.  ^  E. 
(correct  magnetic) 
2f  miles  per  hour  from 
the  time  the  departure 
was  taken  to  ue  end 
of  the  day. 


EXAMPLE  X. 


H.          Conrses. 

1 

Winds. 

Lee- 

way. 

Deyialion.          Remarks,  &o. 

1 

pta. 

N.byW.JW. 

",  4 

N.E.  by  E. 

12OE. 

Apoint,lat.37«4i'8., 
long.  178*  36' E.,  bear- 

12 , 

";  4 

ing  by  compass  W.  by 

12  '2 

8.^8.,  dist  21  miles. 

N.E.  J  N. 

10    6 

E.  by  S.  i  8. 

2lJ«E. 

Ship's    head    N.    by 

10^  4 

W.  J  W.     Delation 

101  5 

as  per  log. 

10  1  5 

10 
11 
12 

S.E  i  8. 

11  *  6 

12  4 

12! 

8.8. W.  i  W. 

i9»W. 

8.b7E.}E. 

8     6 

8l4 
0  1  . 

E.  by  8. 

13JOW.  ;  Variation  14- E. 

5          N.fB. 

1 

1 

E.byN. 

18OE.  ! 

7    1 

t 

4 

1    A  current  set  N.B.  by 

8    1 

9 

<  B.  (correct  magnetic) 

9      E.  by  N.  i  N. 

12 

4 

N.JE. 

15*  W.    ;  36    miles,    fipom    the 

10 

II 

6 

ttme  the  departure  was 

II 

12 

5 

taken  to  the  end  of  the 

12 

12 

5 

day. 
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EXAMPLE  XIL 


H. 

Gooneo. 

E. 

A 

Winda. 

Lee- 
way. 

Deyiation. 

Bemark8,&o. 

9 

W.  by  S. 

t 

iij<»  W. 

A  point  of  knd  in 

lO 

3 

«x         .  ,a '    ea         1 

lO 

4 

lO 

3 

lO 

5 

1 

1 

8 

4 

8 

5 

9 

5 

9 

5 

lO 

5 

8 

4 

7 

6 

7 

5 

7 

5 

7 

4 

1 

7 

6 

7 

8 

8 

8 

9 

Wort. 

9 

6 

lO 

lO 

6 

II 

II 

1 

la 

lO 
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NAUTICAL  ASTRONOMY.— DEFINITIONS. 


Nautical  Astronomy  is  that  branoh  of  the  sul^act  which  relates  to  finding 
the  place  of  a  spectator  on  the  surface  of  the  earth  by  observation  of  the 
heayenly  bodies. 

OELESTIMj  flPHEEE. 

Celestial  Coneaye.  The  Celestial  Concave  is  the  surface  of  an  infinitely  large 
sphere  of  which  the  obserrer's  eye  is  the  centre,  and  on 
whieh  ^e  motions  of  the  heavenly  bodies  appear  to  take 
place. . 

The  heavenly  bodies  are  not  in  reality  thus  situated  with 
respect  to  the  spectator ;  for  they  are  interspersed  in  infinite 
j^g,  jy,  space  at  very  different 

distances  from  him. 
The  whole  is  an  optical 
deception,  by  which  au 
observer,  wherever  he 
is  placed,  is  induced  to 
imagine  himself  to  be 
the  centre  of  the  uni- 
verse. For  let  us  sup- 
po3e  the  elliptical  fig^ure 
P  9f  Ps  9,  to  represent  a 
heavenly  body.  Then 
a  spectator  at  A,  not 
being  able  to  estimate 
the  distance  of  m,  would  imagine  it  to  be  in  the  celestial 
concave  at  M. 

True  Place.  The  True  Place  of  a  heavenly  body  in  the  celestial  con- 

cave is  the  point  in  which  tiie  radius  drawn  from  the 
centre  of  the  earth  to  the  centre  of  the  body  meets  the 
-nelestialconeave. 

Apparent  mace.  The  Apparent  Place  of  a  heavenly  body  is  the  position 
in  the  celestial  concave  of  the  centre  of  the  body  as  seen 
by  the  observer. 

Fig.  37  enables  us  to  explain  the  terms  true  and  apparent 
place  of  a  heavenly  body.    The  body  m  viewed,  from  the 
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surface  of  the  eartb,  would  appear  to  a  spectator.  A,  to  be 
at  M  in  the  celestial  concave ;  but  if  it  could  be  seen  from 
the  centre  of  the  earth,  0,  the  point  occupied  by  m  would 
be  M,.  The  extremity  of  a  line  drawn  from  the  centre,  O, 
of  the  earth  through  the  heavenly  body  to  the  celestial 
concave,  M,  is  called  the  apparent  place,  and  M,  the  tms 
place  of  the  heavenly  body  m. 

Earth's  Orbit  The  EariKs  Orbit  round  the  sun  is  a  plane  and  nearly 

circular  curve  which  is  called  an  ellipse. 

By  observations  of  the  sun's  apparent  diameter,  con- 
tinued throughout  the  year,  we  find  that  the  true  form  of 
the  earth's  orbit  is  an  ellipse  having  the  sun  in  one  of  the 
Fig^jg,  foci.    The  sun's  apparent 

diameter  is  least  on  the  ist 
of  July,  and  greatest  on  the 
ist  of  January.    We  may 
then    construct    a    figure 
showing  the  form  of  the 
orbit,  by  setting  off  lines 
SA,  SB,  SO,  &c.,  corres- 
ponding to  the  sun's  dis- 
tances, and  making  angles 
with  each  other  equal  to 
the  sun's  angular  motion 
between  the  times  of  observation.    The  figure  thus  formed 
is  found  to  be  an  ellipse,  with  the  sun  occupying  one  of 
the  foci,  as  S. 

Though  it  ii  now  known  that  the  orbit  is  not,  ■trictly  speaking,  an 
ellipse,  yet  the  latter  being  the  regular  curve  which  is  next  in 
simplicity  to  a  circle,  astronomers,  for  oonvenience,  consider  it  as  the 
fignre  of  the  orbit  described  by  the  sua  about  the  earth,  or  of  the 
earth  about  the  sun.  The  point  G  or  A  at  which  the  sun  or  the  earth 
is  where  the  two  bodies  are  at  the  greatest  or  the  least  distance  from 
one  another,  is  called  an  apsis,  and  a  line  joining  the  points  of  greatest 
and  least  distance  is  called  the  line  of  the  apsides.  If  it  be  assumed 
that  the  earth  revolyes  about  the  sun,  the  same  points  are  respectively 
the  aphelion  and  the  perihelion  points,  the  sun  being  supposed  to  be 
in  one  of  the  two  foci  of  the  ellipse. 

The  apparent  annual  motion  of  the  sun  may  be  ex- 
plained either  by  supposing  a  real  revolution  of  the  sun 
around  the  earth,  or  a  revolution  of  the  earth  around  the 
sun.  But  it  follows  from  the  principles  of  mechanics  that 
the  earth  and  sun  must  both  revolve  around  their  common 
centre  of  gravity,  and  this  point  is  very  near  the  centre  of 
the  sun. 
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Appearaneet 
prodneed  by  tbe 
Earth*!  Annual 
Motion. 


BeUptio. 


The  Zodiac 


Axis  of  the 
Heayeni. 

Poles  of  the 
Heayeni. 


If  the  earth  oould  be  obaerved  by  a  spectator  upon  the 
BUB)  it  would  appear  among  the  fixed  stars  in  the  point  of 

the    sky    opposite   .to 
that  in  which  the  sun 
appears  as  viewed  firom 
the   earth.      Thus,    in 
Fig.  39,  let  S  represent 
the  sun,  and  ASPD, 
the  earth,  will  see  the 
sun    projected    among 
the  fixed  stars  in  the 
point  in  the  sky  oppo- 
site  to   that    ooonpied 
by  the  earth;   and,  as 
the   earth  moves  from 
A  to  B  and  P,  the  sun  will  appear  to  move  among  the 
stars  from  P  to  D  and  A,  and  in  the  course  of  a  year  will 
appear  to  trace  out  in  the  sky  the  plane  of  the  ediptic. 
When  the  earth  is  in  Libra  we  see  the  sun  in  the  opposite 
sign  Aries ;  and  as  the  earth  moves  from  Libra  to  Scorpio 
the  sun  appears  to  move  from  Aries  to  Taurus,  and  so  on 
through  the  ecliptic. 

The  EoUpiic  is  the  great  cirde  of  the  celestial  concave  in 
which  the  plane  of  the  earth's  orbit  cuts  the  surface ;  it  is 
the  great  circle  on  which  the  sun's  place  is  to  be  found 
during  the  year. 

Tk^Z^diae  is  the  zone  or  belt  of  the  celestial  concave  which 
extends  8°  on  each  side  of  the  ecliptic.  It  is  divided  into 
1 2  equal  regions  called  the  signs  of  the  zodiac. 

The  patk  desoribed  by  tke  periodioal  revolaiion  of  the  moon  and 
the  planets  (with  a  few  ezoeptiona)  does  not  deviate  materially  from 
the  ecliptic,  but  is  limited  to  a  belt  termed  the  Zodin$  of  abont  8®  on 
either  side  of  the  ecliptic  If  we  divide  the  ecliptic  into  twelve 
equal  portions,  and  then  draw  through  each  of  the  points  of  diyision 
great  circles  perpendicular  to  the  ecliptic,  these  great  circles  will 
subdivide  the  Zodiac  into  twelve  equal  portions.  Each  of  these 
portions  is  represented  by  a  certain  name,  which  is  also  borne  by  the 
constellation  which  each  portion  oontains. 

The  Ax%$  of  the  Stavens  is  the  prolongation  of  the  earth's 
axis,  and  is  that  diameter  about  which  the  celestial  con- 
cave appears  to  revolve  from  East  to  West. 

The  Poki  of  the  heavens  are  the  extremities  of  its  axis. 
They  are  the  two  points  of  the  celestial  concave  in  which 
the  axis  of  the  heavens  is  conceived  to  meet  its  surface. 

Celestial  Equator     The  Bquinodial  is  that  great  cirde  of  the  celestial  Con- 
or EquinootiaL      cave  whose  plane  is  perpendicular  to  the  axis  of  the 
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hoavokB.  It  ifl  the  gvest  <3izck  in  lehich  the  pkne  <rf  tbe 
terrefttml  equator  iadefioiie]^  -esleiided  inteneeto  tke 
oekfitial  concave,  and  is  hence  sometimes  eaUed  >the 
iMeatial  Equator. 

Tke  Eqainoctial  is  sometimes  oalkd  the  Celestial  Equator,  as  being 
the  :great  cirole  (^  the  celestial  concave  marked  oat  by  the  plane  of 
the  terrMtrial  equator  indefinitely  extended.  It  woold  be  convenient 
if  this  compoand  term  were  altogether  superseded  by  the  simple  word 
equinoctial ;  and  the  terrestrial  equator  ixnifonnly  indicated  by  the 
simple  word  equator. 


Sq«ino6tial 
PeiAts. 


V^maland 

AatuBinal 

EqiiinDKei. 


Sdstittal  Points. 


Solsticet. 


The  Equinoctial  Points  are  the  two  points  diametrically 
opposite  each  other  in  which  the  ecliptic  intersects  the 
ceketial  equator.  The  point  at  which  the  sun  passes  from 
the  South  to  the  North  side  of  the  celestial  equator  is 
called  tiie  Vtmd  equinoctial  {)oint,  also  the  First  Point  of 
Aries,  and  the  other  is  ca;Ued  the  Autumnal  equinoctial 
poiikt.  The  times  at  whidi  the  san'«  centre  is  found  at 
these  poisits  are  called  the  vomal  and  Hiutumnal  equinoxes. 
The  mmal  equinox,  therefore  takes  place  on  about  the 
eoth  of  March,  and  the  autunmal  on  about  the  22nd  of 
September. 

The  Solstitial  Points  are  the  two  points  of  the  edixftic 
which  are  midway  -between  the  equinoctial  points  and 
most  distant  from  the  celestifd  equator.  Thej  are  dis- 
tinguished as  the  northern  and  soufliem,  or  the  summer 
and  winter  Solstitial  Points,  The  times  at  which  the  sun's 
centre  passes  those  points  are  oalled  Solstices.  The  summer 
solstice  takes  place  on  the  21st  June,  and  the  winter 
solstice  on  the  21st  December. 


Obliquity  of  the 
Ecliptic. 


NoTB.— It  is  convenient  to  restrict  (as  we  have  don^)  the  term 
Equinox  to  indicate  a  date  or  epoch  of  tinu,  and  to  use  the  expression 
Equinoctial  Point,  when  we  want  to  refer  to  a  posiCion  or  place  in  the 
ecliptic.    6imilarly  for  SoUtiee  and  Solstitial  Point. 

The  Obliquity  of  the  Ecliptic  is  the  angle  between  the 
ecliptic  and  the  equinoctial. 

The  Vernal  JBquinoctial  Point  and  the  Autumnal  Equinoctial  P&int  are 
now  more  generally  oalled  the  Fi/»8t  Pnnt  0/ Aries  and  the  -Rr»<  Pbini 
^  Libra,  as  beiog  the  oommencement  respectively  of  these  signs  of 
the  ecliptic,  and  they  are  representei  by  their  symbols  T  and  ^. 
Tbe  constellations  of  Aries  and  Libra,  though  not  now  coincident  in 
position  with  them,  give  their  names  to  these  divisions  of  the  ediptio 
and  the  figure  of  the  Balance  (Libra)  has  evident  reference  to  the 
equipoise  of  the  day  and  night  at  tbe  equinox.  The  first  point  of 
Aries  is  the  origin  or  Zero  point,  from  wliich  right  aeoenaions  aro 
reckoned  on  the  equinoctial,  and  longitudes  on  the  ecliptic. 
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The  direction  of  a  point  may  be  expressed  by  the  angles  which  a  line 
drawm  to  it  from  the  centre  of  the  sphere  or  point  of  observation  makes 
with  certain  fixed  lines  of  reference.  But  since  such  angles  are  directly 
measured  by  arcs  on  the  surface  of  the  sphere,  the  simplest  method  is  to 
aasign  the  position  in  which  that  point  appears  when  projected  upon  the 
smfaoe  of  the  sphere.  For  this  purpose  a  great  circle  of  the  sphere  is  assumed 
aa  dLjfrimiiive  circle  of  reference,  and  all  points  of  the  surface  are  referred  to 
this  circle  by  a  system  of  »$e<mdarie9  or  great  eirclss  perpendicular  to  the 
piiHiitiTe^  and  consequently  passing  through  its  pole. 

The  porition  of  a  point  on  the  surface  will  then  be  expressed  by  twe 
sphmM  §fh-ardimtU$j  namely : — 

ist.  The  distance  of  the  point  from  the  primitive  circle,  measured  on  a 
aeoondaiy:  2nd,  the  distance  intercepted  on  the  primitive  between  this 
aeoondary  and  some  given  point  of  the  primitive  assumed  as  the  origin  of 
co-ordinates. 

We  shall  have  different  systems  of  co-ordinates  according  to  the  circle 
adopted  as  a  primitive  circle  and  the  point  assumed  as  the  origin. 

THE  EQUINOCTIAL  SYSTEM.    (aJ. 

The  Primitive  is  the  Eqpiinoctial  or  Oelestia}  Equator. 

The  Secondary  Giroles  are  called  Qirdes  of  Declination, 

Ck>*ordiBatea:  lUght  Ascension  and  Deolination. 

(h%is:  Yemal  EqniBocfeial  P(»nt» 

Ihe  use  of  this  system  of  co-ordinates  is  to  define  points  (stars,  the  sun,  &c.) 
the  positions  of  which  are  independent  of  the  observer's  position. 

Parallels  of  ParaUeU  of  DeeUnatum  axe  small  circles  whose  planes  are 

Beolination.  parallel  to  the  plane  of  the  celestial  equator. 

PataiUels  of  daeliaakiMi  nark  all  the  poiatt  that  have  the  aame 
deolinatioa  N.  ox  S. 

CSrdev  ef  drokB  of  Deolination  are  great  cireles  which  pass  through 

BeeliBfllioiL  the  polee  of  the  heavens. 

Bight  Aseension.  The  Sight  Ascension  of  a  heavenly  body  is  the  arc  of  the 
equinoctial  intercepted  between  the  first  point  of  Aries  and 
the  circle  of  declination  passing  through  the  body. 

Bight  Ascensions  are  reckoned  from  the  vernal  equi- 
noctial point  eastward  from  o^  to  24*^. 

The  BoeUmUom  of  a  heavenly  body  is  the  arc  of  a  circle 
of  declinati€A,  which  is  inteioepted  between  the  equinoc- 
tial and  the  body. 

Deeliaatien  ia  measured  from  the  equinoctial  through 
an  9M9^  to  90^  and  10  named  North  or  South* 
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EOmNOOnAL  SYSTEM.    fiJ- 

The  oae  of  this  system  of  polar  co-ordinates  is  to  mark  at  any  definite 
moment  the  relative  position  of  a  heavenly  body  and  the  Zenith  of  the 
observer.  The  circles  of  declination  of  the  celestial  bodies  in  their  daily 
revolution  start  from  a  fixed  initial  position,  which  is  determined  by  the 
zenith  of  the  observer.  The  great  circle  which  passes  through  the  poles  of 
the  heavens  and  the  Zenith  is  called  the  celestial  meridian  of  the  place,  and 
is  actually  the  projection  of  the  terrestrial  meridian.  The  place  of  a  celestial 
object  is  defineil  at  any  moment  by  the  an^le  its  circle  of  declination — which 
in  this  system  takes  the  name  of  JSinir  Cirele — ^makes  with  the  celestial 
meridian,  and  the  arc  of  this  hour  circle  intercepted  between  the  pole  and 
the  body. 

The  FrimitiTe  Oirde  is  the  Equinoctial. 

The  Secondary  Oirdes  are  called  Hour  Oiroles. 

Co-ordinates :  Declination  (or  Polar  Distance)  and  Hour  Angle. 

Hour  Circles.  Sour  Cirele$  are  great  circles  which  pass  through  the 

poles  of  the  celestial  concave.  They  are  so  called  because 
reckoning  from  the  celestial  meridian  of  the  place  of 
observation,  they  mark  all  points  that  haye  the  same  hour- 
angle.  Under  a  different  conception  of  co-ordinates  this 
series  of  circles  is  also  called  circlet  ofdcclifwtionf  and  agaiBi 
Circlet  of  right  ateemion. 

Hour-angle  The  Sour-angle  of  a  celestial  object  is  the  angle  at  the 

elevated  pole,  included  between  the  celestial  meridian  and 
the  hour  circle  passing  through  the  place  of  the  body. 
The  hour-angle  is  measured  by  the  arc  of  the  equinoctial 
intercepted  between  the  hour  circle  and  the  meridian. 

As  the  meridian  and  equinoctial  intersect  in  two  points 
it  is  necessary  to  distinguish  which  of  these  two  points  is 
taken  as  origin  of  hour-angles,  and  also  to  know  in  what 
direction  the  arc  whichmeasuresthehour-angleis  measured. 
Astronomers  reckon  from  that  point  of  the  equinoctial 
which  is  on  the  meridian  above  the  horizon  towards  the 
West — ^that  is,  in  the  direction  of  the  apparent  diurnal 
motion  of  the  celestial  sphere — and  from  o^  to  360%  or  from 
o^  to  24^,  allowing  1 5°  to  each  hour. 

When,  however,  a  body  is  to  the  East  of  the  meridian 
it  is  more  correct  to  make  use  for  purposes  of  calculation 
of  the  angle  reckoned  from  the  meridian ;  in  this  case, 
however,  we  never  speak  of  hour-angle,  but  simply  use 
the  general  term  polar  angle. 

Polar  Angle.  The  Polar  Angle  between  two  heavenly  bodies,  or  two 

places  of  the  same  body,  is  the  angle  contained  by  the 
two  ho^r  ciitAes  whioh  pMs  through  tbem* 


Digiti: 


zed  by  Google 


JSofiti^  Minmm^p^Uum* 


i6i 


Folar  Piftanee.  The  PoUr  Dutanee  of  a  celeetial  object  is  the  arc  of  an 
hour  (or  declinatioD)  circle  which  is  intercepted  between 
the  elevated  pole  and  the  place  of  the  body. 

polar  diatapces  are  reckoned  from  the  polea  thrpagh  iSo*,  and  are 
named  North  or  Sonth  polar  diatanoei  according  as  they  are  reckoned 
from  the  Noiih  qt  Qonth  Pule. 

Six  o*eloek  The  Six  o^chek  Saur  Cireh  is  that  hoar  circle  whose 

Hour  Cirole.  plane  is  perpendicular  to  the  plane  of  the  celestial  meridian. 

It  p%gMi9  Aiooiigh  the  Eaat  and  Weat  points. 

Time  Amplitude.  The  IVm^  Amplitude  is  the  arc  of  the  eqiwoodi^  inter- 
cepted between  the  six  o'clock  hour  circle  and  the  hour 
circle  poaamg  ihiough  the  place  of  the  body  when  suing 
or  setting. 

THE  EOLIPTIO  SYSTEM. 

In  this  system  the  Ecliptic  is  taken  as  the  primitiTO  circle,  and  the  secon- 
daries by  which  points  of  the  sphere  are  referred  to  it  are  called  cirJei  of 
iaiiiwd$f  hence 

The  FriipjAiye  Oirde  is  the  Ediptic. 

She  fifiooadaiy  Oixdes  are  Oiides  of  Latitude. 

Co-ordinates :  Oelestial  Ijatitude  and  Longitude. 

Har^llrti  «l  Parafyh  of  Cfi2e$tM  Latitude  dx^  9Q)aU  oiijQlejp  of  tlie 

I^Jti^iiila.  eelmUal  oonqaye  whope  planes  ape  p^aUe}  to  t]^  pUiteMf 

the  ediptix).     Xh^y  mark  all  thp  poinl^  of  thu  l^TMp 

whjob  have  tfa^  same  latitude. 

Oktihi  of  OiJniial  LatUnd$  bxb  gveat  eixfilfls  passuif 

through  the  poles  of  the  ediptie,  apd  thawifone  veirtiQal  k> 

it^  and  so  called  because  latitude  is  measured  on  ^em. 

They  are  also  celled  Circk^  f^  Zongit^y  as  marjku^g  opt 
all  pointa  th«fc  have  the  same  lon^ttu^e. 

Celesiial  Zatiiude,  or  the  latitude  of  a  heayenly  body,  is 
the  arc  of  a  cirde  of  latitadf  M^torcepted  b^i|^^  t|b^ 
ipidivtic  i^i4  the  place  of  the  body. 

Celestial  l^Uituda  is  measurad  from  the  ecliptic  through 
an  arc  of  o^  to  90°. 

Geleftial  CeMial  Imgitui^,  or  t^e  Ioiv£Ltu49  of  a  heayenfy  body, 

Longitude.  is  the  arc  of  the  ecliptic  intercepted  between  the  first  point 

of  Aries  and  the  eiroie  of  latitude  which  passes  thvevgh 

th6  place  of  the  body. 

Oe^stial  longiinde  is  xedconed  eastward  from  o''  to  360% 
or  in  the  diredion  of  ihe  sun's  apparent  jnotion  in  longitude. 

The  longitude  is  sometimes  expressed  in  signs,  degrees, 
ftc. ;  a  sign  being  equid  to  30^  or  a  twelfth  of  the  eeliptio. 


ef 
latitude. 


Oelestial 
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These  co-ordinates  are  also  independent  of  the  diurnal  motion.  It  is  evi* 
dent,  howeyer,  that  the  system  of  Declination  and  Bight  Ascension  will  be 
generally  more  oonyenient. 


OAXTnoir. — The  itudmt  must  he  eareful  to  dietinguith  oitranamical  latitude  t 
longitude  from  the  $ame  terme  u$ed  in  geography ^  to  whieh  theg  have  no  reeembkmae 
hut  in  name.  It  is  much  to  be  regretted  that  the  same  terms  are  ased|  but  it 
is  extremely  difficult  to  alter  an  established  custom. 

THE  HOSIZON  SYSTEM. 
The  Frimitiye  Circle  is  the  Horizon. 

The  Seoondaiy  Oirdes  are  called  Vertical  Oirdesy 

or  Oirdes  of  Altitude. 

Oo-ordinates :  Altitude  and  Azimuth. 

.  As  the  obsenrer  changes  his  position  on  the  surface  of  tiie  earth  the  zenith 
changes  in  the  celestial  concaye,  but  the  pole  of  the  heayens  remains  fixed. 
The  use  of  this  system  is  to  connect  the  zenith  of  the  obseryer  with  the  fixed 
pole  of  the  heayens,  determined  from  an  obseryation  of  a  heayenly  body. 
The  primitiye  cirde  is,  therefore,  taken  as  that  whose  pole  is  the  zenith ;  it 
is  called  the  Celestial  Horizon.  Haying  thus  chosen  the  BaHonal  Moriaan  as 
the  primitiye  circle  of  co-ordinates,  the  next  thing  to  be  decided  upon  is  tke 
point  of  origin.  Since  the  object  of  this  system  is  to  connect  the  zenith  with 
the  pole,  the  great  drde  passing  through  both,  and  which  is  a  secondary  to 
the  horizon,  will,  by  its  intersection  with  the  latter,  giye  us  the  desired  point. 
The  celestial  meridian  cuts  the  horizon  in  two  points,  called  the  2fbr^  and 
South  Pointit  and  that  is  taken  as  origin  which  is  adjacent  to  the  eleyated 
pole.  For  certain  obseryations  it  is  sometimes  customary  to  dioose  the  poiat 
most  remote  from  the  pole. 

Celestial  The  Celestial  Horiwon  of  any  place  is  a  great  drde  of  the 

Hoziion.  sphere  marked  out  by  the  indefinite  extension  of  the  plane 

of  any  spectator's  sendbloi  or  which  comes  to  the  same 

thing,  his  rational  horizon. 

The  Yertieal  The  Vertieal  Line  is  a  straight  line  perpendicular  to  the 

Line.  horizon  of  the  obseryer.    It  coinddes  with  the  direction  of 

the  plumb  line,  or  the  simple  pendulum  at  rest. 

Zenith*  The  Zmith  is  the  point  in  the  celestial  conoaye  which  is 

yertically  oyer  the  spectator's  head. 

Vadii;  The  IMir  is  the  point  in  the  celestial  conoaye  whidi  is 

yertically  bdow  the  podtion  of  the  spectator. 

The  Zenith  and  Nadir  are  the  poles  of  the  horizoui  that 
is  to  say,  they  are  90^  from  eyeiy  point  of  it 

If  a  plummet  be  freely  enapended  by  a  flexible  line  and  allowed  to 
come  to  a  state  of  rest,  this  line  is  called  a  vtrtieal  Hm,  Thai  point 
of  the  heavenf  to  whioh  the  line  points,  and  whioh  it  wodd  appear 
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to  reach  if  it  could  be  proloni^ed  indefinitely  npwards,  is  the  mmHH; 
while  if  the  direotion  of  the  line  be  prolongid  downwards  through 
the  earth  it  will  point  to  that  part  of  the  celestial  sphere  which  is 
termed  the  fM^tlr. 


Parallels  of 
Altitncte. 

Cbrdasof 
Altitiide. 


Altitude. 
Zenith  Dietanee. 


Cdertial 
Meridian. 


Meridian  Line. 

Vorth  and  South 
Points. 

Aiunnth. 


Prime  YertieaL 

East  and  West 
Points. 


Parallels  of  Altitude  are  small  circles  whose  planes  are 
parallel  to  the  plane  of  the  horizon. 

(Xreles  of  Attitude^  or  Vertieal  CireleSf  are  great  circles 
which  pass  through  the  zenith  and  nadir,  or  great  oiroles 
perpendicular  to  the  horizon. 

They  are  the  secondaries  of  the  horizon ;  and  their  planes, 
which  are  called  f>ert%edl planes^  intersect  in  the  vertical  line. 

In  a  polar  system  of  horizon  oo-ordinates  Oiroles  of  Altitude  are 
also  termed  CircUs  of  Azimuth,  as  marking  out  aU  points  that  have 
the  same  aaimnth. 

The  Altitude  of  a  heayenly  body  is  the  arc  of  a  vertical 
circle  intercepted  between  Uie  horizon  and  the  centre  of 
the  body. 

The  Zmith  Distance  of  a  heavenly  body  is  the  arc  of  a 
vertical  circle  intercepted  between  the  zenith  and  the  place 
of  the  body. 

The  Celestial  Meridian  of  an  observer  is  the  great  circle 
which  passes  through  the  zenith  and  the  pole. 

The  plane  of  the  meridian  is  called  the  Meridian  Plane. 

The  intersection  of  the  plane  of  the  meridian  with  the 
plane  of  the  horizon  is  ^'^  Meridian  Line, 

The  North  and  So%dh  Points  are  the  points  in  which  the 
celestial  meridian  cuts  the  horizon. 

The  Azimuth^  or  true  bearing  of  a  heavenly  body,  is  the 
arc  of  the  horizon,  or  the  angle  at  the  zenith,  between  the 
meridian  and  the  circle  of  altitude  passing  through  the 
body.  It  is  the  angle  comprised  between  two  vertical 
planes,  one  passing  through  the  elevated  pole,  the  other 
through  the  object. 

Azimuth  is  usually  reckoned  from  the  North  or  South 
point,  eastward  and  westward,  from  o°  to  i8o°. 

The  Prime  Vertieal  is  the  vertical  circle  which  crosses 
th^  meridian  at  right-angles. 

The  East  and  West  Points  are  the  points  in  which  the 
prime  vertical  cuts  the  horizon. 

The  East  and  West  points  are  the  poles  of  the  celestial 
meridian. 

The  Poles  of  the  Prime  Vertical  are  therefore  the  North 
and  Scmih  {Joints. 
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Amplittide. 


The  Amplitude  of  a  heavenly  body  is  the  arc  of  the 
horizon,  or  the  angle  at  the  zenith,  intercepted  between 
the  east  point  and  the  place  of  a  body  at  rising,  or  the 
west  point  at  setting. 

The  IhciK^hi  ParalM  is  a  small  oirde  paralld  to  the 
horizon  and  18"  below  it. 

The  Vi9%hh  or  8$a  Horuum  is  the  small  circle  which 
bounds  the  view  of  the  obserYer^  being  the  apparent  meeting 
of  the  sea  and  sky. 

dentible  Horizon.  The  Smmhle  Soriton  is  the  plane  on  which  the  spectator 
stands  produced  to  meet  the  celestial  concave. 

Eataonal  Horixon.  The  National  Hariwn  is  the  great  circle  in  which  the 
plane  drawn  through  the  centre  of  the  earth  parallel  to 
the  sensible  horizon  meets  the  celestial  concave. 


Twilight 
Parallel 

Visible  Horizon. 


Bip. 


Befraction. 


The  Dip  is  the  angle  of  depression  of  the  sea  horizon 
below  a  horizontal  line  drawn  from  the  observer's  eye. 

Itg.  40.  When  the  altitiide  df  a  ttlMthd 

body,  B,  above  the  Tiaible  horison 
of  a  spectator  is  taken,  it  is  ob- 
▼ions  that,  since  the  eye  of  the 
observer  cannot  be  on  the  sarfsoe 
of  the  earth  or  water,  but  aiiist 
be  elevated  above  it,  as  at  A;  and 
sinee  the  edge  of  the  sea  horixon 
is  the  oironmferenoe  of  a  oirele  on 
which  a  cone,  having  A  for  its 
vertex,  wocdd  be  a  tangent  to  the 
surfaoe,  the  observed  attitada^ 
SAH  (the  line  AKH  being  a 
tangent  to  the  earth's  surface  in  a  vertical  plane  passing  through  the 
observer  and  the  celestial  body,  and  the  effects  of  refraotiaa  being 
neglected),  will  ezoeed  the  altitude,  S  A  A,  by  the  angle  A  A  H,  called 
the  dip  of  the  horizon,  or  by  its  equal,  A  G  K  Henoe  a  correction 
must  be  made  for  this  dip  or  depression,  and  it  may  be  found  from 
the  triangle  A  C  K,  in  which  A  B  (the  height  of  the  spectator  above 
the  surfaoe)  being  given,  as  well  as  the  semidiameter  of  the  earth, 
we  have  A  0,  0 K,  and  the  right-angle  at  R,  to  And  the  angle  AGE, 
or  its  equal,  UAA. 

But  the  dip  of  the  horizon  is  evidently  affected  by  the  refraction  of 
the  rays  of  light  in  passing  from  the  edge  of  the  sea  to  the  eye  of  the 
spectator,  in  oonaequence  of  whioh  the  sea  horizon  generally  apfcai* 
to  be  higher  than  it  ii  in  reality;  and  a  like  source  of  error  exists  in 
the  observed  angular  elevations  and  depressions  of  objects  on  land. 

Be/raction  of  a  heavenly  body  is  the  angle  at  the  eye  of 
the  observer  between  a  line  drawn  to  the  centre  of  the 
body  and  a  tangent  to  the  curved  ray  of  light  where  it 
enters  the  eye. 

Before  the  obaerved  positions  of  celestial  bodies  can  be  employed 
as  data  for  the  solution  of  astiencisictf  or  feographioal  prMm§^ 
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tik«y  requira  cofrectiont  on  taecmai  of  the  refraction  oi  light  In  the 
•imotplMre,  and  eleo  en  aoeovnt  ef  the  siiuation  of  the  obeerver  wi|h 
reipeot  to  the  earth's  centre. 


Finllu. 


Bemidiamoter. 


The  Parallax  of  a  celestial  body  is  the  angle  subtended 
at  the  body  by  that  radius  of  the  earth  which  is  drawn  to 
the  feet  of  the  observer. 

The  fixed  stars  are  so  distant  from  the  earth  that  their  relatiye 
positions  are  sensibly  the  samoy  from  whatever  point  of  the  earth's 
snrfjMa  we  may  Tiew  them.  It  is  otherwise  with  the  san,  moon,  and 
planets,  which  are  near  enough  (especially  the  moon)  to  be  displaced 
by  change  of  station  on  our  globe.  Two  spectators,  situated  on 
different  points  of  the  earth's  surface  and  viewing  the  moon  do  not 
soe  it  in  the  same  direction. 


The  word  parMuf  is  nsed  to  express  the  angle  at  any  celestial 
body  between  two  lines  drawn  from  its  centre  to  the  points  from 
whence  it  may  be  snpposed  to  be  viewed :  or  it  is  the  arc  of  the 
celestial  sphere  between  the  two  places,  which  a  body  would,  at  the 
same  instant,  appear  to  occupy  if  it  were  observed  at  two  different 
stations.  The  celestial  arc  between  the  snn  and  moon,  or  between 
the  moon  and  a  star  at  any  instant,  will  evidently  subtend  different 
angles  at  the  eyes  of  two  observers  at  different  stations  on  the 
surface  of  the  earth ;  and  in  order  that  a  common  angle  may  meaiaie 
the  same  arc,  it  is  neoesnry  that  oaoh  observed  angle  should  be 
vsduoed  to  that  whi(^  would  be  subtended  by  the  same  arc  at  the 
centre  of  the  earth.  When  the  asc  measures  the  altitude  of  a 
celestial  body  above  the  visible  horizon,  the  correction  which  must 
be  applied  in  order  to  convert  the  observed  angle  of  elevation  to  that 
which  would  have  been  obtained  if  the  angular  point  had  been  at  the 
centre  of  the  earth,  is  called  the  dimmal  paraOax,  Thh  name  has 
been  given  to  it  because  It  goes  through  all  its  variations  between  tiie 
times  at  which  the  body  rises  and  sets,  being  greatest  whan  the  latter 
is  on  the  hosison,  and  least  when  in  the  plane  of  the  meridian;  sad 
since  every  parallax  is  necessarily  in  a  plane  passing  through  the  two 
points  of  observation  and  the  el^ect,  it  is  evident  that  the  diomal 
parallax  will  be  in  a  plane  passing  through  the  observer  and  the 
centre  of  the  earth. 

The  angular  distance  between  two  places  to  which,  in  the  heavens 
a  celestial  body  is  referred  when  it  is  supposed  to  be  viewed  from  the 
sun  and  from  the  earth,  or  of  the  earth  at  two  different  points  in  its 
orbit,  is  called  the  annual  parallax. 

The  Semidumetsr  of  a  heayenly  body  is  the  angle  sub- 
tended at  the  eye  of  the  observer  by  the  radius  of  the  disc. 

In  order  to  obtain  by  obeervation  the  position  of  a  celestial  body 
which  has  a  well-defined  disc,  we  observe  the  position  of  some  part 
of  the  limb  and  deduce  that  of  the  centre  by  a  suitable  application 
of  the  angular  eemidiameter  of  the  body.  The  sun's  semidiameter 
is  given  in  the  Nautical  Almanac,  page  II  of  each  month,  for  every 
day  at  noon,  and  that  for  the  moon  at  page  III  for  every  day  at  noon 
and  midnight.  The  semidiameter  there  given  is  the  angU  at  ih$ 
centre  of  the  earth  subtended  by  the  semidiameter  of  the  object,  and 
because  the  obseiTer  being  on  the  sur&ce  is  nearer  the  object  in 
•very  position,  except  when  it  Is  in  the  lationid  horison,  this  angle 
reqaimeac 
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Augmentation  Th»  AugnmUatum  of  the  J£oaH*$  i$m%d%am$Ur  is  the  in- 

of  the  Hoon*e       orease  of  the  moon's  semidiameter  arising  from  the  de- 
semidiameter.       creased  distance  from  the  moon  as  her  altitude  increases. 

Observed  The  obs&rved  altitude  of  a  heavenly  body  is  the  altitude 

Altitude.  of  a  body  from  the  sea  horizon  read  from  the  arc  of  the 

instrument  by  which  the  altitude  has  been  measured. 

Apparent  The  apparetU  altitude  is  the  observed  altitude  when 

Altitude.  corrected  for  index  error,  dip,  and  semidiameter ;  that  is 

the  altitude  of  the  apparent  place  of  the  object's  centre 

from  the  sensible  horizon. 

^'AppurmV*  is  sometimes  used  as  a  qualifioation,  distbgaisliiiig 
on  the  one  Iwnd  from  obtervsd,  and  on  the  other  from  trm.  It  is  in 
this  sense  applied  to  elements  oorrected  for  instnimental  and  oironm- 
stantial  sources  of  error,  hnt  not  yet  rednoed  for  oomparison  and 
computation.  We  have  thns  the  apparent  altitude  of  a  heaTonlj 
body,  and  the  apparent  distance  of  two  heavenly  bodies,  distinguished 
on  the  one  hand  from  the  charved,  and  on  the  other  from  the  trm 
altitude  and  distance. 

True  Altitude.  When  the  apparent  altitude  has  been  corrected  for  re- 

fraction and  parallax,  the  result  is  called  the  true  altitude : 
that  is  the  altitude  of  the  true  place  of  the  body  from  the 
rational  horizon. 

Since  time  enters  as  an  element  in  most  of  the  problems  in  nautical 
astronomy,  it  will  be  proper  now  to  explain  the  kinds  which  are  employed, 
and  the  manner  of  reducing  a  given  interval  in  time  from  one  denomination 
to  another.  Three  different  kinds  of  time  are  employed  by  astronomers; 
Sidereal^  Apparent  or  True  Solar ^  and  Mean  Solar  Time. 

Diurnal  Time.  Diurnal  Time  is  simply  the  hour-angle  of  particular 

points  in  the  heavens  which  are  chosen  to  define  it.  The 
unit  of  time  is  the  period  which  elapses  from  the  hour 
circle  of  the  point  of  definition  coinciding  with  the  celestial 
meridian  and  its  next  return  to  it  after  one  revolution ; 
such  interval  is  called  a  day.  The  commencement  of  the 
day,  when  the  hour  circle  of  the  point  of  definition  and 
the  meridian  are  coincident,  is  called  noon.  The  unit  is 
divided  into  24  equal  parts,  called  hours,  which  are  sub- 
divided into  minutet  and  eeeonde;  these  are  indicated  by 
the  letters  hms. 

There  are  three  points  of  definition  used  by  astronomers. 
The  Centre  of  the  Sun^  an  imaginary  point  called  the 
Mean  Sun  and  the  First  Point  of  Aries. 

When  the  centre  of  the  sun  is  used  as  the  point  of 
definition  we  get  what  are  termed  AppmrmU  Solar  Tme^ 
A^fp^ettt  Day^  and  Afpareni  N(M$. 
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Apparent  Solar 
Time. 


Apparent  Solar 
Say. 


Apparent  Solar  Kme  is  the  hour-angle  of  the  actual  sun, 
a  body  which  is  apparent  to  our  sense  of  sight,  measuring 
from  the  meridian  westward. 

The  time  whidh  is  denoted  by  the  true  son  is  called  the  trw,  or 
more  commonly  the  **jtppannt  Time.*' 

An  Apparent  Solar  Day  or  briefly  Apparent  Datf^  is  the 
interval  of  time  between  two  successive  upper  transits  of 
the  actual  sun's  oentroi  or  hour  circle,  over  the  same 
celestial  meridian ;  it  begins  when  that  point  is  on  the 
meridian. 

For  the  lake  of  timplioity  of  oaloulaUon,  as  also  for  being  oon- 
Tenient  for  the  pnrposes  of  dyil  life,  astronomers  employ  a  diurnal 
rotation  of  the  earth  with  respect  to  the  sun  as  a  measure  of  time. 
Now  the  earth  being  supposed  to  reYolye  about  the  inn  with  its  true 
or  proper  annual  motion,  each  of  the  intervals  between  the  instants 
at  whioh,  suooessively,  by  the  earth's  rotation  on  its  axis,  the  plane 
of  a  terrestrial  meridian  when  produced  passes  through  the  centre 
of  the  sun,  is  considered  as  the  length  of  the  apparent  solar  day ; 
and  it  is  found  that  the  number  of  such  revolutions  or  days  in  the 
mean  tropical  year  is  365*242217.  The  obliquity  of  the  terrestrial 
equator  to  the  plane  of  the  ediptio,  considered  as  fixed,  is  here 
supposed  to  suffor  no  variation,  and  the  line  of  the  equinoxes  to  con* 
tinue  parallel  to  itself  except  the  uniform  angular  deviation  from 
parallelism  which  is  due  to  the  effect  of  general  preoession  (=  $0"*% 
yearly.) 

Apparent  Hoon.        Apparent  Noon  is  the  instant  when  the  true  sun's  hour 
circle  coincides  with  the  celestial  meridian. 

The  arrival  of  the  sun  at  the  plane  of  a  terrestrial  meri- 
dian  constitutes  noon  on  that  meridian. 

Apparent  time  and  apparent  noon  are  elements  whioh  are  muoh 
used  in  Nautical  Astronomy,  and  are  of  so  muoh  importance  that  as 
*  soon  as  the  navigator  is  at  sea  he  adopts  as  his  unit  of  time  the 
apparent  solar  day.  Apparent  noon  is  the  instant  when  he  can  most 
easily  and  expeditiously  determine  his  latitude,  and  his  ordinaiy 
habitual  method  of  finding  his  longitude  is  by  an  observation  from 
which  by  oaloulation  it  is  necessary  for  him  in  the  first  plaoe  to 
dednoe  the  apparent  time*  But  there  is  a  feature  of  apparent  time 
which  renders  it  unsuitable  as  a  standard,  and  prevents  its  being  used 
as  a  standard  of  comparison^it  is  variable.  If  the  sun  changed  its 
RJL.  imiformly,  apparent  solar  days,  though  not  equal  to  sidereal 
days,  would  still  be  equal  to  each  other;  but  the  length  of  these 
solar  days  are  unequal,  both  because  the  motion  of  the  earth  in  its 
orbit  is  Tariable,  and  because  the  plane  of  the  orbit  i»  not  perpen- 
dioular  to  the  axis  of  the  diurnal  rotation. 

It  is  evident  the  sun*B  increase  of  right  ascension  must  be  variable 
on  acoount of  the  obliquity  of  the  eoliptio  to  the  equator;  because 
when  the  sun  is  in  Aries,  its  motion  being  oblique  to  the  equator, 
the  rate  of  increase  of  right  asoension  must  then  be  less  than  the  rate 
of  increase  of  longitude;  when  at  the  tropics  its  motion  is  parallel  to 
the  equator ;  and  being  nearer  the  pole  of  the  equator  than  the  pole 
of  the  ecUp4i0|  the  arc  of  the  equator  between  two  saooeasiTS  oivol^ 
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of  decUiuitioQ  vlU  ba  gnater  thao  the  arc  of  the  eoK|>ti<^  and*  ooiv- 
aeqoently,  its  motion  in  right  ascepnon  mvst  be  then  greater  than 
its  motion  in  longitude.  Henoe  it  is  evident  that  the  lengtii  of  a 
solar  day  most  be  rariable,  and  oonseqnentiy  that  the  time  whieh  is 
called  apparex^  solw  tiake,  or  apparent  time  measared  by  a  solar  day, 
and  parts  of  a  day,  must  require  a  conrection  which  is  called  the 
Equation  of  Time. 

If  the  sun,  instead  of  moving  as  H  does  uneqnaUy  in  Idie  ee1ip4k^ 
moved  nniformly  in  the  equator,  the  interval  between  two  tra^site 
of  the  a«a  omt  tho  meridian  wovld  th^n  lie  always  the  same,  and 
would  ^  an  exact  measuD  of  tme. 

Let  us  suppose,  then,  an  imaginary  91111  rnqving  uniformly  in  the 
equator  in  the  same  time  in  which  the  sun  appears  to  move  in  the 
ecliptic  and  having  its  right  ascension  or  distance  from  the  First 
Point  of  Aries,  equal  to  the  mean  longitude  of  the  sun  (or  the  longi- 
tude of  the  sun  supposed  to  move  uniformly  in  the  ediptio).  The 
time  measured  by  this  imaginary  sun  so  moving  is  called  mum  $oUr 
timi,  or  mean  time.  The  hour-circle  passing  through  the  imaginary 
sun  describes  360*  in  34  hours  mean  time,  and  that  through  the  real 
sun  the  same  in  24  hours  apparent  time,  therefore  each  describes  15^ 
in  an  hour. 

The  secopd  point  of  definition  for  time  is  an  imaginaiy 
point  called  the  Jfirao  S^in^ 
Xeail  6fut  Th$  Mim$  Shm  is  an  imaginary  body,  conceived  to  move 

uniformly  in  the  equinoctial  wiUi  the  mean  motion  of  the 
actual  sun  in  the  ecliptic. 

JKCIIIXI  6p1w  Ti9i9«     Mmn  Sokr  Time  is  the  hour-angle  of  the  meai^  sun. 

As  (he  time  deduced  £rom  observations  of  the  true  sun  is  caUed 
'^irue,**  or  <* apparent. time,"  so  the  time  deduced  from  the  metm  sun 
U  denominated  ^m«an  iime;"  and  »i«ps  Uvi  latter  lapses  uniformly  it 
may  for  picactioal  purposes  be  meaaured  or  indicated  by  machinery. 
We  thus  use  on  shore  a  Mean  Solar  Clock,  and  at  sea  a  Ohronometer. 

Ttf^iXL  Pay.  J-  M$9n  I>ay  is  the  ijaterral  between  two  suooesaiTe 

transits  of  the  mean  sun's  hour  circle  across  the  same 
celestial  meridian. 

The  length  of  this  unit  is  the  average  or  mean  length  of  the 
apparent  solar  days  for  the  period  of  a  solar  year.  The  length  of 
the  mean  solar  day  may  be  divided  into  twenty-four  equal  parts,  or 
hours,  or  the  half  of  it  into  twelve  hours;  and  a  clock  whose  dial- 
plate  is  divided  into  twelve  hours  being  zegalated  so  that  the  hour- 
hand  may  make  a  complete  revolution  on  the  plate,  in  the  time  of 
half  the  mean  solar  day,  as  above  desoribed,  is  a  perfect  indicator  of 
mean  solar  day. 

1K0WI  Vqoil  Menm  Nwm  is  the  instant  when  the  mean  sun's  hour 

circle  coincides  with  the  meri4ian. 

I^liatipli  of  The  Equation  qf  Time  is  the  arc  of  the  equinoctial  inter- 

Time,  cepted  between  Hxb  hour  cireles  passing  through  the  places 

of  the  true  and  mean  suns.  It  is  the  difference  between 
apparent  and  mean  time,  and  iD  the  Nauiieal  Almanac  its 
value  is  given  for  the  instants  bodi  of  apparent  and  mean 
tin9  at  (^ee^dwiph  on  ev^  d^y  in  Oufi  year. 
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TI16  Equation  of  Time  is  bo  oaUocI  beoanse  it  enables  ns  to  reduce 
apparent  to  mean,  or  mean  to  apparent  time.  In  oonseqnence  of  the 
motion  of  the  ann  in  the  eoliptio  being  yariable,  and  the  eoliptio 
not  being  perpendicular  to  the  axis  of  the  earth'a  rotation,  apparent 
time  ia  Tariable,  and  thia  flactnation  ia  ooaaiderable,  amounting  to 
upwarda  of  half  an  hour — apparent  noon  aometimea  taking  place  aa 
much  aa  16^  before  mean  noon,  and  at  othera  aa  muoh  aa  i4|«  after. 
Theae  are  the  greateat  raluea  of  the  equation  of  time ;  it  yaniahee 
altogether  four  timea  a  year — thia  ooourring  about  April  15th,  June 
15th,  September  lat,  and  Deoember  24th.  It  ia  oaloulated  and  in« 
seited  in  the  NmUictU  Almanae  for  every  day  in  the  year.  On  page  I 
of  each  month  the  equation  of  time  glTen  ia  that  to  be  used  in  deducing 
mean  from  apparent  time ;  that  on  page  II  ia  to  be  uaed  in  deducing 
apparent  from  mean  time.  The  dififerenoe  in  the  value  of  the  two 
ariaea  from  the  one  being  that  at  apparent  noon,  and  the  other  that 
at  mean  noon.  Aa  theae  may  be  aeparated  by  an  interval  of  more 
than  a  quarter  of  an  hour,  the  equation  of  time  given  in  pagea  I  and 
n  may  differ  by  a  quarter  of  the  ''  Var.  in  i  hour"  given  in  the 
adjoining  column.  The  equation  of  time  is  itaelf  a  portion  of  mean 
time. 

The  third  point  of  definition  for  time  is  the  IVni  Point 
of  At%$%i  the  origin  of  the  oo-ordinates,  right  afloenBion, 
and  declination.  Bj  using  the  time  marked  by  its  motion 
we  may  render  available  an  observation  of  a  star  in  the 
same  manner  that  apparent  time  is  used  with  observations 
of  the  sun,  to  this  end,  however,  we  mxust  have  a  link  to 
connect  it  with  mean  time  analogous  to  the  equation  of 
time.  This  element  is  fixed  upon  and  is  ih$  Sidereal  IVsm 
at  Cfreemeieh  Metm  Noon;  it  is  calculated  before  hand  and 
tabulated  in  the  Ifautieal  Almanae  under  the  heading 
*' Sidereal  lime." 

Sidereal  Time  at  any  instant  is  the  hour-angle  of  the  true 
vernal  equinox  or  Fint  Point  0/ Aries  at  that  instant,  reckoned 
from  the  meridian  westward  from  o^  to  24^. 

A  Sidereal  Day  is  the  interval  of  time  between  two 
successive  transits  of  the  hour  circle  of  the  Fir%t  Point  of 
Aries  across  the  same  celestial  meridian. 

NoTB.«-The  eifeot  of  preceaaion  and  nutation  upon  the  time  of 
tranait  of  the  vernal  equinox  ia  ao  nearly  the  aame  at  two  auooeaaive 
tranaita  that  aidereal  daya  thus  defined  are  aenaibly  equal. 

Sidereal  Noon  is  the  instant  when  the  hour  circle  of  the 
First  Point  of  Aries  is  on  the  meridian. 

When  the  First  Point  of  Aries  (  r)  is  on  the  meridian, 
the  sidereal  time  is  o^  o"  o*,  and  this  instant  is  sometimes 
called  Sidereal  Noon. 

Sidereal  Time  at  Mean  Noon  is  the  angular  distance  at 
the  First  Point  of  Aries  from  the  meridian  of  Greenwich  at 
the  instant  of  mean  noon,  (MPr).  It  is  therefore  the 
same  (though  reckoned  in  the  opposite  direction)  with 
right  ascension  of  the  mean  sun  when  it  is  mean  noon  at 


Bidflreal  Time, 
Bidflreal  Day. 


Sidereal  Voon. 


8U«realTiaeat 
MeaaVoon. 
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Greenwioh  (rM).  The  lidereal  time  at  mean  noon  given 
in  the  Ntmtiaal  Ahnanae^  page  11  of  the  month,  ia  the  time 
shown  by  a  gidereal  dock  at  Qreenwioh,  when  the  mean 
solar  olock  indicates  o^  o"^  o*. 

''The right  ascenrion  of  the  mean  ran"  must  not  be  oonloimded 
with  the  right  atoeiuion  of  the  Bim  at  mean  noon. 

Kg.  41. 
N 


Aooeleration  of 
Sidereal  on 


Let  S  be  the  place  of  the  sun  in  the  edipticy  and  M  the 
mean  sun ;  through  S  and  M  draw  the  circles  of  declina- 
tion PS  and  PM.  The  riderMl  iim  is  the  angle  QPr, 
or  arc  Qr,  apparent  iohr  time  is  the  ang^e  QPS,  and  mean 
iolar  time  is  the  angle  QPM,  or  arc  QM,  these  angles  or 
arcs  being  always  measured  frOm  the  meridian  N  S ;  also, 
the  angle  M  P  S  is  the  eptatien  e/time, 

AeeeUration  of  Sidereal  on  Mean  Solar  Time  is  ther  diange 
of  the  mean  sun's  right  ascension,  in  consequence  of  which. 


Hean  Solar  Time,  in  the  interval  of  his  coming  successively  to  the  meridian. 


Fig.  41. 


Kg.4J- 


the  First  Point  of  Ariee  a^pear»  to 
have  hastened  forward  in  its  diurnal 
revolution;  hence  the  name.  Let 
MPY  (Fig.  42)  be  the  sidereal  time, 
when  tiie  mean  sun  is  on  the  meri- 
dian of  Greenwich  on  a  particular 
day.  When  the  mean  sun  comes 
after  the  lUpse  of  a  mean  solar  day 
he  win  have  moved  in  right  ascension 
to  the  eastward,  say  through  MM' 
(Fig.  45).  The  sidereal  time  cor- 
responding to  this  seeoaimean  aeoA 
will  beMTVinsteadof  MPY,  the 
First  Point  of  Aries  thus  appearing 
to  have  hastened  forward  in  its 
diiUMl  MVoMtoi  and  the  aidereal 
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time  to  "be  accelerated  with  reference  to  mean  solar  time. 
The  tmitle  M'PH,  -wbidi  is  the  acceleration,  is  a  portion 
of  sidereal  time.  SDhe  amonnt  of  acceleration  for  any  given 
interval  of  mean  solar  time  will  enable  us  to  deduce  the 
sidereal  time.  In  the  Nautical  Almanac  for  1888,  pages 
484  and  485,  is  given  a  ''  Table  for  converting  intervals  of 
mean  solar  time  into  equivalent  intervals  of  sidereal  time.'' 
Similar  tables  are  also  given  in  treatises  on  navigation 
(Rapxb,  Table  23 ;  Nobis,  Table  XXXVlLi). 

Retardation  of  Mean  Solar  on  Sidereal  Time  is  the  change 
of  the  mean  sun's  right  ascension  in  a  sidereal  day,  in 
consequence  of  which  he  appears  to  hang  back  in  his 
diurnal  revolution. 


Betardation  of 
Haaa  Solar  on 
Sidereal  Time. 


Fig.  4^.  Let  Y  be  the  First  Point  of  Arise 

on  the  meridian  on  any  given  day, 
and  YIM  the  corresponding  mean 
solar  time.  When  the  First  Point  of 
Aries  comes  again  to  the  meridian 
after  the  lapse  of  a  sidereal  day,  the 
mean  sun  will  have  moved  to  the 
eastward  by  reason  of  his  proper 
moticm  in  right  ascension  through  the  arc  MM'  say. 
Thus  in  the  diurnal  revolution  from  East  to  West  the 
mean  sun  will  be  at  M'  instead  of  at  M,  appearing  thereby 
to  hang  back,  and  the  mean  eelar  time  to  be  retarded 
with  preference  to  sidereal  time.  The  angle  .M I M',  whiok 
is  the  retardation,  is  portion  of  mean  solar  time.  The 
amount  of  retardation  for  any  given  interval  of  sidereal 
time  will  enable  us  to  deduce  the  mean  solar  time.  In 
'tiie  Wautieal  Almanac  for  1888,  pages  486-487,  is  g^ven 
a  "Table  for  correcting  intervals  of  sidereal  time  into 
equiviilent  intervals  of  mean  solar  time."  Similar  tables 
are  also  given  in  treatises  on  navigation '(IUpeb,  Table  24, 
NeBii,  XXXYH. 
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PROJEOnON  OF  THE  CELESTIAL  SPHERE  ON  THE  PLANE  OF 

THE  OBSERVER'S  MERIDIAN. 

Fig.  45. 


The  foregoing  figure  (Fig.  4$)  ia  a  projection  of  the  CMsttia  Bphm  on  (he 
JPkme  of  the  OUerurU  Mmdianf  in  which  the  oirde  ZO nH  is  the  Meridian, 
and  the  observer  ia  supposed  to  be  stationed  in  the  apparent  centre  0. 

Then,  the  point  0  being  taken  as  the  East  or  West  point  of  the  horison, 
is  90  degrees  distant  firom  every  point  of  the  Meridian,  and  is  therefore  the 
poleof  that  great  oirde;  and  aU great  oirdes  HO,  Zn,  PF,  and  EQ  passing 
through  E  are  at  right-angles  to  the  meridian,  and  appear  on  this  projection 
as  straight  lines;  and  we  have: — 

H  0  is  the  Soriton^  which  here  appears  as  a  straight  line,  the  spectator 
being  supposed  to  look  in  the  direction  of  the  plane  of  this  cirde,  as  at  the 
edge  of  a  circular  card  held  horizontally  before  his  eye. 

0  is  the  Nmrih^  and  H  the  8(mth  point  of  the  horison. 

P  is  the  North  Pole )     All  drdes  which  meet  those  points  are  oirdes  of 
F  is  the  South  PoU  )  declination,  or  hour  drdes. 

Z  is  the  Zenith  or  point  vertically  over  the  observer's  head. 

n  is  the  Naiir  or  point  beneath  the  observer  opposite  the  Zmiik. 

E  Q  is  the  dhiUal  Equator^  and  since  it  is  a  great  cirde  passing  through 
E,  appears  in  this  projection  as  a  straight  line. 

ZOm  the  vertical  drde  at  right-angles  to  the  meridian,  is  called  the  iVtsM 
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FOF  the  hour  circle  at  right-angles  to  the  meridian,  is  called  the  Six 
p^cMt  JSour  Oiroh. 

P  0  the  AUihuU  of  the  Poh. 

Since  PE  =  ZO  =  90^  if  ZF  be  omitted  ZE  =  FO,  but  ZE  meaanree 
the  latitude  of  the  place  whose  Zenith  is  Z,  thereforci  F  0,  or  the  attitude  of 
ike  oUooMpoU  ii  efudl  to  the  latitude  of  the  obeerver. 

PZ  is  the  Co-htitude,  or  CmpUmeni  of  Latitude. 

BiBtkCeleitialBody. 

SB  is  its  Deelination,  PS  its  Polar  Distance. 

S  A  its  Ihte  Attitude,  ZS  its  Zenith  DieUmce. 

The  angle  Z  F  S  is  the  Hour-angle  or  Meridian  Bietanoe, 

S  ZF  its  AUmuth  from  the  North  in  North  Latitodoi  or  from  the  South  in 
South  Latitude. 

The  arc  EB  also  measures  the  Hour-angle. 

H  A  or  A  0  also  measures  the  Atimuth. 

It  an  object  rise  or  set  at  B,  CB  or  the  angle  CZB  is  called  its  Amplitude. 


PBOJBCTION  ON  THE  PLANE  OP  THE  MEBIDIAN. 

A  body  X  having  N.  deolination,  seen  in 
the  Sonthern  Hemisphere. 

Kg.  47. 


A  body  X  having  8.  deolination,  seen  in 
the  Korihem  Hemisphere. 

Fig.  46. 


F  and  F  are  the  North  and  South  Poles.  0  A  is  the  Atimuth  of  X. 

Z  and  N  are  the  Zenith  and  Nadir.  A  X  is  the  Attitude  of  X. 

HO  is  the  Soriwm.  ZX  is  HieZenith  Distance ofSL. 

asT  is  a  ParaUel  of  Attitude.  ddisa  ParaOel  of  Declination. 

B  is  Sising  Body.  ^^  is  the  IkoHight  Parallel. 

A  PBOJEOnON  UPON  THE  PLANE  OP  THE  HOBIZON. 

The  following  figure  represents  the  projection  of  the  celestial  sphere  on 
the  plane  of  the  horizon. 

The  principal  advantage  of  this  projection  is  that  it  exhibits  at  one  view 
tin  wholi  htaniiphHtfe  whidi  is  abote  thu  hori^nL 
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The  horizon,  N  E  S' W,  in  this  oase  appears  as  a  cLrde,  and  the  spectator 
must  suppose  himself  looking  down  upon  it  from  the  Zenith  Z;  and  all 
ciroles  {MMing  idkrougfarthe  £hni&  will  appear  as  Btnqght  lioM:  thus  we 
haTe — 

N,  the  North  Point;  E,  the  East  Point;  S,  the  South  Pokit^  W,  the 
West  Point. 

P  is  the  Elerated  Pole,  and  NP  the  Elevation  of  the  pole  equal  to  the 
latitude  of  the  place  of  obsenration. 

N  Z  S'  is  the  Mmdian  of  the  observer's  position,  cutting  the  horizon  in  the 
North  and  South  points;  E  and  W  are  the  poles  of  the  meridian,  for  they 
are  90^  distant  from  every  point  in  that  circle. 

WZE,  the  vertical  circle  at  right-angles  to  the  meridian,  is  called  the 
Prime  Vertical. 

W  Q  E  is  the  Equator  or  Equinoetial. 

WPE  is  the  iSf«r  o'doch  Hour  CireU. 

Z<^T,  ZM  R  are  CircUe  of  Altitude  or  VerUeai  CireJes. 

oT  is  the  AUitude  of  a  body  0. 

Z  0  is  Zenith  Dietanee  of  complement  of  altitude  of  0. 

PoD  is  a  drele  of  Declination. 

0  D  is  the  Declination  of  a'body  0, 

P  0  is  its  Polar  Dietanee. 
P  Z  0  is  the  uistmti^A. 

0  P  Z  is  the  Eour-angU^  or  Meridian  Distance. 

0  Ac  is  the  HdiptiCf  and  A  the  Bg[mnoctial  Point, 

0  L  is  the  Latitude  of  0. 

AL  n  the  LongitiOe  of  0. 

AD  or  the  angle  A PD  is  the  Right  Aecemion. 

If  an  object  rose  at  B  and  set  at  S,  then  EB  would  beite  f6%amptttade, 
and  W  S  its  mMiV  amplitude: 
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PEEUMINARY  RULES  IN  NAUTICAL  ASTRONOMY. 


dVIL  AND  ASTEONOMIOAL  DAT. 

The  CiyU  Bay,  or  oommon  method  of  reokoniii§  time,  begina  at 
midnight,  and  ends  the  foUowkiy  suda»gkl»  the  iBtenral  being  divided  into 
two  periods  of  1 2  hours  each  ;  the  first  twelve-  hours,  from  midnight  to  noon, 
are  denoted  bj  a.m.  fanU  mtrtdianj  ;  the  latter,  from  noon  to  midnight,  are 
styled  P.X.  ff09i  meriduu^J  ;  thus  ire  say  10  a.ic  when  an  event  oocurred  at 
10  o'elook  in  the  moming^  aod  10  v.m.  when  iioceurred  at  10  o'elook  in  the 


Sto  aiitnomlaal  9ay  Utpam  at  wien  and  «ids  at  the 
following  noon,  and  is  later  than  the  civil  day  by  twelte  houve*  The  hauw 
are  reckoned  throughout,  or  oontiBuouely  from  o^  to  24^.  The  distinction  of 
▲.M.  and  P.M.  is  not  recognised  in  astronomical  time.  Thxus  1 1  o'clock  in  the 
Ibrenoon  of  the  second  of  January  in  the  civil  reckoning  of  time  corresponds 
to  January  i  day  25  hours  in  the  astronomical  reckoning;  and  i  o'clock  in 
the  afternoon  of  the  former  to  January  z  days  i  hour  of  the  latter  reckoning*. 

140a  Since  the  civil  day  commences  at  the  midnight  j9r«M<^f  11^  the  noon 
which  oonmiences  t&e  astronomical  day,  it  is  evident  that  the  civil  mode  of 
reckoning  is  always  twelve  hours  in  advance  of  the  astronomical  reckoning, 
and  hence  we  have  the  &lk>wing  rule  for  converting  eivil  into  astronomical 
time. 

Oiyen  oiyU  time  at  ship,  to  reduce  it  to  astronomical  time. 

BTJLB  LIV. 

i^  If  the  mil  Ume  at  sh^  h$  p.m.,  it  wiU  oho  he  aitranamical  tiiMf  p.m. 
hing  omitted. 

2^  Xf  ^^  ^Ml  time  he  A-m.,  add  twelve  to  the  hours  and  euhtraet  one  from  the 
iofi  of  the  month  ;  aleo  omit  a.m.  The  result  in  each  case  is  the  Astronomieal 
Bate. 

Etamft.im. 

Sz.  I*  May  loth,  at  5^  30"  p  jc.»  civil  time  ia  s^  30"  astronomioal  time  of  the  same  date ; 
tieoaiiae  the  loth  astronomical  day  begins  at  noon  of  the  loth  civil  day,  and  5^  30*  havs 
•lapsed  since  that  noon.  Bat  5^  30^^  a.m.  civil  time  on  May  rofh  ii  17^  30"*  adronomioel 
lime  on  the  9th  of  May,  fbr  the  9th  day  of  the  moAth,  aooordiog  to  the  astronomical 
teokoningy  oommenoas  at  noon  of  the  9lh  civil  time,  and  ends  at  noon  of  fke  loth  civil  day 
(the  hours  beiiig  rsckoned  np  to  24),  and  3^  30"^  k,u.  of  the  xoth  is  171^  30"  from  noon  of 
the  9th. 

£x.  s.  October  7th,  at  3^  ao»  p.m.,  civil  time,  is  October  7th,  at  ^*^  20"  astronomical 
time.    (See  i""  of  Role  UV.) 

Bz.  3.  October  7th,  at  3^  ao*  am,,  civil  date,  is  October  6A  ts^  so*  astronomioal  dale; 
rinoe  1*  less  i'  is  6^  and  1%^  added  to  3^  ao«  is  1$^  ao».    (See  a"*  of  Role.) 

Ex.  4.  January  31st,  at  7^  ao*  pjc,  civil  time,  is  January  31st,  at  7^  aoP  astwnMnlcal 
lias.   (BoleUyii^) 
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Ex.  5.  February  i it,  at  6^  18"  a.m.,  dvil  date,  is  January  31'  i8i»  iS^  astronomical  date; 
■inoe  Febmaty  i^,  diminished  by  i<>,  gives  January  31^,  and  12^  added  to  6i»  i8«  is  i8i»  18'". 
(Eule  LIV,  2% 

Ex.  6.  What  is  the  astronomioal  date  corresponding  to  1889,  January  ist,  8^  A.1C.P 
The  corresponding  astronomical  date  is  1888,  December  31'  ao^.  In  this  case  the  year  is 
diminished  by  x,  since  in  diminishing  the  day  of  the  month  by  i,  the  reckoning  throws  us 
back  into  the  last  month  of  the  previous  year,  t.^.,  the  day  before  January  ist,  1889,  also 
la*"  added  to  i^  is  aoK 

EtawptiIb  fob  PRAonos. 

Express  the  following  dates  in  astronomioal  time. 

I.    Jan.  and,      4^  38"    9»a.m.                   5.              July  ist,  11^  30*  iq*a.m. 

3.    Feb.  37th,    8    la      o  p.m.                   6.              Oct.  ist,  o    10    la  p.m. 

3.  April  ist,     7    54    19  A.x.                   7.     1888,  Jan.  is^  8      9    50  A.if. 

4.  July  ist,      8      3    34  P.M.                   8.     1889,  Jan.  xst,  o    44    la  a.m. 

141.  Oiyen  the  astronomical  date,  to  find  the  oorres* 
ponding  clYll  date. 

BITLE  LV. 

1/  ih$  hours  ofoitrmumiMl  Urns  he  less  than  1 2^  u>riU  p.m.  afUr  iff  and  it  toiO 
h§  th$  required  civil  iime ;  hut  if  the  astronomical  time  he  greater  than  1 2^9  add 
X  to  the  days,  diminifth  the  hours  hg  12  and  write  a.m.  after  it:  the  result  will 
be  the  required  civil  time. 
Express  the  following  astronomical  dates  in  civil  time : — 

I.      Jan.  loth,     i6»»  3i«  i5«  5.  Sept.  ist,  8*»  io»  54* 

3.      Feb.  3rd,       II    38    $6  6.  Aug.  31st,      ao    10    54 

3.  May  i7tb,       7     15    11  7.     x888,  Jan.  ist,  9    50    42 

4.  Mar.  13th,     33    15      7  8.     1888,  Deo.  31st,       aa    41    36 


LONGITUDE  IN  ARC  AND  LONGITUDE  IN  TIME. 


14&.  The  earth  rotates  uniformly  on  her  axis  once  in  twenty-four  hours, 
and  thus  every  spot  on  her  surface  describes  a  complete  oirdei  or  360^,  in 
that  space  of  time;  hence  the  longitude  of  any  place  is  proportional  to  the 
time  the  earth  takes  to  revolve  through  the  angle  between  the  first  meridian 
and  the  meridian  of  the  place,  and  thus  the  longitude  of  a  place  may  be 
expressed  either  in  ore  or  in  time.^  Longitude  in  arc  and  longitude  in  time 
are  easily  convertible,  for  since  360^  is  equivalent  to  24*^  (360  -7-  24  =  15^), 
15*  is  equivalent  to  i\  15'  to  1",  and  15"  to  1';  whence 

fO  is  equivalent  to  4"  (t.«.,  the  15th  part  of  i  hour  or  60"^} 
i'  „  4*  (m.,  the  15th  part  of  i  minute  or  6o*} 

X*  M  4t  (O.,  the  15th  part  of  i  second  or  6ot)t 

and  the  following  rules  are  sufficiently  clear. 

«  In  reokoning  by  aro,  each  degree  is  divided  into  sixty  minutes,  and  each  minute  into 
dxty  Beoonds.  1^  reckoning  by  time,  each  hour  is  also  divided  into  sixty  minutoi,  and  the 
minutes  into  sixty  seconds.  But  a  distinct  notation  for  each  of  these  has  been  adopted, 
degrees,  minutes,  and  seconds  being  represented  by  *"  ',  and  hours  minutes,  and  seconds 
])y  b  B  ■;  and  care  should  be  observed  not  to  use  the  same  marks  for  both,  great  oonfasion 
arising  from  io  dobg. 

f  A  third  is  the  name  ^ven  to  the  sixtieth  part  of  a  seoond,  •    • 
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143.    To  convert  arc  (or  longitude)  into  time. 

BULE  LVI. 
MuUipfy  Hi  isgreeif  minuteif  See.,  hy  4  ;  ihii  turm  the  degr&$9  (^)  into  miniUeM 
("")  ofiim$t  mima$9  (')  iiUo  isamdi  (■)  0//»«m,  i^nd  the  ieeandi  (")  into  ihirda  (*)  0/ 
Urns;  or  in  other  words,  mark  the  resiiltiiig  figures  thus : — Those  under  eeionde 
("}  ikwde  (*)y  those  under  mintUes  (')  seconds  ("},  those  under  degrees  {*^)  minutes  (")| 
msd  those  totheUft  of  the  latter,  hours  {^). 

NoTBd— Inttsad  of  thirds  it  is  customary  to  use  tenths  of  seconds,  in  whioh  case  the  thirds 
miiat  be  reduced  to  tenths  by  dividing  by  6o. 


EXAliyT.ES. 


CoDTert  12*  18'  15'  into  time. 
^a<>  18'   15' 


Ei.  a.    Oonvert  25^  15'  16*  into  time. 


IS*'  15' 


i6* 

4 


49-  13"     ot 


Four  times  if  are  60",  which  oontains  60  com  ind 
o  am;  vrit*  this  nmauidfir  down  under  the  seoonds 
(*)  and  maxk  it  Uiiids  (t)  m  direeted  in  the  Bule, 
oazTTing  the  1.  Again  4  times  18*  are  72,  and  the 
1'  eanicd  makes  71;  60  goes  in  73  once  and  13  over; 
vxite  this  remainder  (11)  nnder  the  minutes  (')  and 
eKUthemseoondsC*)  and  carry  tKei.  Again,  4tames 
la  an  48,  and  learned  makes  49;  write  this  nnder 
*  rees  (>)  and  mark  it  minutes  (•) :  whence  the 
I  OQcre^ponding  to  aio  11^  18'  15"  is  49*  13*  ot. 


Ex.  3.    Tom  77*  %'  iQf  into  time. 

if   %'  10* 

4  6o)4ot-o 


6)0)30^8"  8«  40t 
or,  s^  8»  P'66 


66 


ih  ^|m     !■      ^t 

Four  times  16"  are  64",  which  contains  60  once  and 
4  oyer,  and  according  to  Bule  this  remainder  placed 
under  seconds  (")  hecomes  thirds  (t),  and  the  1  is  to 
becarried.  A|^,  four  times  i>' are  60  and  x  carried 
makes  61,  which  contains  6^  once  and  1  oyer ;  write 
the  remainder  1  under  minutes  (')  and  call  them 
seconds  (•),  and  csxry  x:  four  times  as  are  100  and  x' 
carried  giyes  ici.  and  60  into  101  goes  oxuM  and  41 
remainder,  whioh  remainder  being  placed  under 
degrees  H  gives  minutes  (-)  and  the  x  carried  on 
being  plaosd  to  the  left  of  the  latter  is  marked  hours 
(k) :  whence  i^  41"  i*  4t  la  the  time  oocxe^onding 
to  the  arc  250 15  16*. 

Ex.  4.    OonTert  178"  45*  53*  into  time. 
4  6o)3afop 


^|0)7'>5*  3*  3»* 
or,  ii»»55»3«-53 


•53 


EXAMFT.TtS  VOB   FtLAOnOB. 

Bednoe  the  following  arcs  into  time : — 

1.    i8«  54' ;  11**  40'  45*  I  «37*  17' ;  9^*  "'  4/ ;  ^^  «9**  «6'. 
a.    ffs^'^)  49*  4'  »o';  o»  16-8;  «•  18'  la";  and  i3o<»  19'. 
3.    o*>3'-5;  5«*«o'ia*;  156^52';  178*  49^45';  ando«4i'-7. 


TO  CONVERT  TIME  INTO  LONGITUDE. 

144.  It  has  been  shown  (No.  142,  page  1 76)  that  4"  of  time  are  equiva- 
lent to  i^  of  arc ;  henoe  it  is  evident  that  if  we  bring  any  given  time  into 
minntes,  and  divide  by  4^  we  shall  have  the  corresponding  arc  in  degrees, 
minntee,  and  seconds.    This  is  the  reverse  of  the  last  process. 

BITLE  LYII. 

£eduee  the  hours  and  minutes  into  minuieSf  after  which  place  the  seeondSf  Sfc.^ 
them  divide  atthfj^  and  the  quotient  will  be  the  degrees,  minutes,  ^c,  oj  the  corres'- 
ponding  are;  or,  m  other  words,  after  dividing  by  4,  mark  the  resulting 
figmee  ^tami^'Those  under  minutes  (*)  degrees  (°),  Hose  under  seconds  (*)  minutes 
O,  ikaoe  under  fkirds  0  ^eeonde  CO* 
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Zm§iiwi$  mi  jLt0  and  ZonfUmh  m  2Wm» 


Ex,  I.    Tom  i^  5B  ia>  into  aro. 
60 


BZAICFIAS. 

Sz.3. 


4)65«ia»ot 

i6«>ir   o* 

Kidtiply  Ik  by  60,  add  the  minutes  (5)  and  divide 
by  4,  the  (^uotaent  is  i6>  with  remainder  z .  Mnltiply 
this  remainder  by  60,  and  to  the  product  add  the  12 
seoonds;  th  •  sun*  is  72.  Again,  the  quotient  of  72 
divided  by  4  in  18,  which  is  minutes  ('} :  whence  the 
arc  oorrespondins  to  the  time  i^  5"*  xa*  is  x6o  18'. 


Reduoe  6>>  34"  43*  into  aro. 

6^a4«43« 
60 


4)384-43«ot 

96^10' 45' 

Multiplying  6i>  by  6e,  and  adding  tte  ni*  to  ik* 
product,  gires  384  as  the  sum ;  the  quotient  of  this 
oiTided  by  4  is  960,  with  no  remainder.    4)Bdi7iM 


by  4  Rives  quotient  zo'  with  remainder  2 :  remainder 
3  mattipU^  by  de  givea  180,  whlAh  dlTidal 
quotient  45":  therefore, 
oorreqMnds  to  6^  S4">  43'. 


br4al«» 
therefore,  96**  10'  45"  is  the  aro  whioh 


Bx.  J.    OooTert  t^  17"  ^s^'s  into  arc. 


60 

4)497^5*30* 
iJ4°a3'52*"5 


30 


Multiply  the  hoars  (8^)  by  6'>,  and  adding  the 
mintites  (ry*)  to  the  pioduot  gives  a^7*  ;  divide  the 
result  by  4.  the  quotient  in  124  with  r(>mainder  1. 
Again,  miutiply  he  remainder  just  obtained  (x*)  by 
60^  and  to  the  product  add  the  feconds  of  time,  via  , 
35*,  thd  sum  it  95 ;  then  divided  by  4  the  quotient  Is 
ar  (minutes  of  aro)  with  remainder  3.  Next  multi- 
m  this  lAst  remainder  by  60,  the  ptoduet  is  180,  to 
Ymoh  add  the  Jot:  and  the  sum  aio  ditided  by  4 
gives  51*  of  an,  and  remainder  u  to  irhidh  annex  a 
oyi^er  and  divide  by  4,  the  quotnhfe  la  *s  of  aooouds 
of  aro. 


Bx.  4«    OonTtrt  1 1^  39"  50^-7  into  anu 


"**3^So*7 
60 

4)<99*5*'4«t 


I 

4« 


«74*'57'40'*5 
Mnltiply  ii^  by  60,  and  to  ptoduet  660  a4d  3^, 

ividtng  th - —    "  "     •• 

malnder  J ; 


dividing  the  earn,  Yia.,  6^9 bT4 gives  174*, trith'to^ 
— '-  ^ this  remainder  (3)  multiplied  by  6oi  aoA 


5CF  added  to  product  giyes  ajo ; 
4  gives  S7«,  wi.hremainder s;  n 
by  00,  and  42"  added,  gives  sun 


,  tbis  nun  divided  bv 
Rmalnder  2  mill-  ^led 
.     .  .  .       torn  162,  which  dltided 

by  4  gives  40",  and  remainder  9 ;  lemaind^  2  wltk 
a  cypher  annexed  and  divided  by  4,  gives  quotient 
*5 ;  whence  the  arc  oonesponding  to  ii^  39*  50**7  is 
i74'57'40"'5. 


Sz.  5.  Wlui4  «ro  ooxxegponding  to 
•^4T-3^f 

4)0^47*3^ 

"•54' 

In  this  instance  it  is  not  necessary  to  multiply  by 
60,  as  there  are  no  hours  to  reduoe  into  minutes:  we 
divide  47"  at  onoe  by  4. 


Ex.  6.    What  ig  Ihi  aqviTalent  oio  to 
9^>5-W 

f  »5"37» 
60 


4)565»37*« 
i4i*»24'  15* 


EXAMFUSS  FOB  PbAGTIOI. 

Convert  the  following  times  into  aro  i— 


I. 

,h   ,3m  52t 

4- 

9b  ^«  38. 

7. 

III'  4i»    6^-66 

ID. 

5*    o«  5i« 

9. 

3    5a      4 

5- 

•    34    58*» 

S. 

0      3    5» 

II. 

"    59    57 

3- 

0    4s     la 

6. 

0    a  I     30-9 

9- 

0      0    5a 

13. 

0      I    5a 

c\4 
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GREENWICH    DATE. 


EBDUOnON  OF  GSBBNWIOH  DATE. 

^  MS.  Def.— The  Oreenwich  Bate  is  the  day  and  time  (reckoned 
astronomicallj]  at  Ghreenwich  oorresponding  to  a  given  day  and  time  else- 
where. It  is  neoeesary  to  find  the  Qreenwioh  date  before  the  information 
contained  in  the  Nautical  Almanac  can  be  made  available,  because  all  the 
elements  there  tabulated  are  given  for  time  at  the  meridian  of  Gbeenwich. 

Aa  in  almost  every  computation  of  nautical  astronomy  we  are  dependent 
for  some  data  upon  the  Nautical  Almanac — and  these  are  commonly  given 
&r  (Jreenwich — ^it  is  generally  the  first  step  in  such  a  computation  to  deduce 
an  exact,  or,  at  least,  an  i^pnaimate  value  of  the  Greemwieh  aBtronomioal 
time.  It  aeed  hardly  be  added  that  the  Greenwich  time  shoald  never  be 
odierwifie  expressed  Ihan  astronomically. 

The  Oreenwich  Date  is  found  at  once  fiom  a  chronometer,  the  error  and 
the  rate  of  which  is  known;  but  it  can  also  be  found  by  means  of  the 
approximate  time  at  place  and  the  approximate  longitude. 

2A€m  To  find  the  Oreenwich  llate,  tbe  time  at  any  other 
place  and  the  longitude  being  giTcm 

EULE  LVni. 

i^    Apresi  th0  ihtp  time  asironomfealfy  (Bule  UY,  page  175). 

2^.     Convert  the  longitude  into  time  (Bule  LVI,  page  177). 

3^  Zn  West  loagitttde-^ADD  Un§iMe  in  time  to  ehip  time  ;  the  som, 
t^less  than  24  howrey  is  the  eorreeponding  Greenwich  date  on  the  saute  day  with 
the  ship  date;  if  greater  than  24  hours,  refeet  the  24  hours^  and  put  the  day  one 


4^.  Xn  Bast  longit«de>«^A'Offi  ship  astronomical  time  suBTiUkOT  hngi-^ 
kde  m  Ume^  if  len  than  the  kom-Sy  minutes^  ^c.,  of  the  ehip  daie;  the  remainder 
M  Hke  eorrespondiny  Oreenwich  date  of  the  eame  day  as  the  ship  date;  ^the  lonyi* 
tMd$  in  time  be  greaiete  than  the  hours,  minutes,  ^0.,  of  ship  astronomical,  adh 
24  hours  to  the  latter,  and  put  the  day  one  hack  before  the  subtraction  is  made. 

5^  Wlien  it  Is  noon  at  the  place.— rA^  longitude  in  time,  if  West, 
is  the  Chrmmich  date  f apparent  time  J ;  but  if  East,  auBTBAor  tha  longitu/ie  in 
iim  firom  24  hours;  the  romaindor  is  the  Greenwich  date  f apparent  time  J  after 
noon  of  the  preceding  day, 

(a)  From  this  hafk  it  is  erident  that  when  the  sun  is  en  a  meridian  in 
West  longitude,  the  Greenwich  apparent  time  is  precisely  equal  to  the  longi- 
tude, that  is,  the  Oreenwich  apparent  time  is  after  the  noon  of  the  same  date 
irith  the  ddp  dafeOp  by  a  number  of  housB»  &o.^  equal  to  longitude.    Whan 
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Or^mwteh  DmU. 


the  sun  is  on  a  meridian  in  Stut  longitude,  the  Ghreenwioh  apparent  time  is 
before  the  noon  of  the  same  date  as  the  ship  date,  by  a  number  of  hours  equal 
to  the  longitude  in  time. 

KoTB.—- A  bad  habit  prevails  in  writing  dates,  of  separating  the  month  and  day  from  the 
hours,  minutes,  and  seconds.  Tke  day  of  the  month  bKoM  aiwaf9  preeede  the  minor  dhieiem  ^ 
time  which  give  the  precise  instant  of  the  day  intended. 

EXAXFLIS. 

'  Ex.  r.  Kovember  9th,  at  4^  io«  p.x.,  apparent  time  at  ship,  longitude  32^  45*  W.  t 
required  the  corresponding  time  at  Greenwich,  or  the  Greenwich  date. 


Ship  date  (A.T.)  Not.  Q<>  4i»io" 
Long,  in  time  -f*    >  " 

Gieenwidh  date^  Not.  9    6  st 


Ex.  a.  June  5th,  at  7^  15"  A.x.,  app. 
time  at  ship,  longitude  140°  30'  E. :  find 
oorreeponding  Qreenwioh  date. 


Ship  date  (A.T.) 
Longitude  in  time 

Green,  date  (A.T.) 


June  4«>i9^i3" 
—    9  >» 

June  4    9  53 


Longitude    32^45' 
4 

Ex.  3.  January  3Td,  at  8^  1 1«  p.m.,  mean 
time  at  ship,  long.  50^  45'  E. :  find  Green- 
wich date. 


Ship  date  (M.T.) 
Longitude  in  time 

Green,  date  (M.T.) 


Jan.  3*  8>»ix« 
—    3  »3 

Jan.  3    4  49 


Ex.  4*  April  17th,  at  s^  35«  45*  a.m., 
app.  time  at  ship.  long.  122^  if  W. :  what 
is  corresponding  Greenwich  date  P 

Ship  date  (A.T.)         April  a6*i7»»35»45» 
Longitude  i22»  13'  W.         4.    8    8  5s 

a6  25  44  37 
—  ^4 

Green,  date  (A.T.)     April  27    i  44  37 


Ex.  5.  July  20th,  at  3^  35»  7*  p.m.,  mean 
time  at  ship,  long.  %f*  24'  £. :  find  corres- 
ponding Greenwich  date. 

Ship  date  (H.T.)        July  20^  ^is«^  7* 
+  H 


Longitude  85'  24'  B. 
Green,  date  (M.T.) 


or  19  27  35    7 
—    5  4'  3^ 

«9  a«  53  3« 


In  Ex.  4,  the  added  longitade  advanoes  the  day  of  the  month.  (This  illustrates  latter  part  of  3^  of  the 
Sole).  In  Ex.  5,  a  day  (or  94  honrs)  is  borrowed  before  the  nibtnotioiL  is  made,  sinoe  the  longitude  in  time 
exceeds  the  astronomioal  ship  date,  thus  making  the  days  of  the  month  at  Oreenwioh  one  lees  than  at  the 
plaoe.    (This  illustrates  the  latter  part  of  4^  of  the  Rule) . 


Ex.  6.  1887,  January  ist,  3^40™  20*  p.m., 
mean  time  at  ship,  long.  95^  7'  E. :  find  the 
'  Greenwich  date. 

Ship  date  (M.T.)  1887,  J<ui*  >'  3i>40"2o« 
.     Longitude  95°  7'  E.  —    6  20  28 

Green.date(M.T.)i886,Deo.3t  21  19  52 

Ex.  8.  Required  the  Greenwich  date 
'  when  the  sun  is  on  the  meridian  of  a  place 
in  long.  80^  44'  E.,  on  February  ist. 

The  sun  being  on  the  meridian,  it  is  app. 
noon:  hence 

Ship  date  (A.T.)  Feb.  i^  o^  on  o* 

Longitude  80*  44'  £•  —    5  sa  $6 

Green,  date  (A.T.)       Jan.  31  18  37    4 

In  Ex.  8,  the  honrs,  fte.,  of  longitade  to  be  subtraeted  ars  to  be  taken  from  a  borrowed  day,  cr  24  hooray 
IfaasifaSkfaigltoA^rofttemnBtb^lOMBinrlidhoimtaMllinrt  (Me^^Bole).     - 


Rt.  7.  1887,  January  ist,  9^  i«  ajc^ 
mean  time  at  ship,  long.  107°  4'  W. :  fina 
the  Ghreenwich  date. 

Shipdate (M.T.)  1886,  Dec  si^^ai^  i»  o« 
Longitude  107*"  4'  W,         ^    7    8  16 

Green.date(M.T.)i887,Jan.i    4    9  16 

Ex.  9.  What  is  the  Greenwich  date 
when  the  sun  is  on  the  meridian  of  a  place 
in  long.  155°  19'  W.,  on  March  31st  P 

Ship  date  (A.T.)       Mazoh  %\^  e^  o»  o« 
Longitude  155®  19'  W.        +  to  ai  16 

Green,  date  (A.T.)   March  31  10  21  16 
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EzAXTZSe   VOB 

FjuonoB. 

Beq[iiired  the  Qreenwioh  date  in  each  of  the  following 

ezampIeB : 

I. 

1887, 

January  6th 

at  3i>4o»i6"p.x. 

apiwrent  time, 

long.    66*s^'  o'W. 

2. 

» 

February  ist 

at  5  10  50  AJC. 

meanUme, 

long.  145  20  30  B. 

3- 

>» 

March  15th 

at  9    16  29  P.K. 

apparent  tame. 

long.     17    4    oB. 

4- 

>• 

May  i5ih 

at  8  38  35  A.X. 

apparent  time, 

long.  141  51  15  W. 

5- 

w 

NoYember  iit 

at  5    0  lOF.x. 

mean  tame, 

long.  114  30    oB. 

6. 

»f 

December  lat 

at  8    0    5  A.X. 

mean  time. 

long.  158  10    0  W. 

7- 

»» 

July  i8t 

at  4    0  33  P.M. 

apparent  time, 

long.  170  ss  15  E. 

8. 

»» 

September  ist 

at  8  29    1  A.X. 

meantime, 

long.  148  47  30  W. 

9- 

» 

July  8th 

ato    4  36A.X. 

apparent  time, 

long.  178  51    oW. 

lO. 

>l 

February  ist 

at  noon 

apparent  time. 

long.  153  40    oK 

II. 

M 

March  2nd 

at  noon 

apparent  timp, 

long.      I  25    oW. 

12. 

1888, 

January  ist 

at  noon 

apparent  time. 

long.  149  ID    oB. 

REDUCTION  OF  ELEMENTS  FROM  NAUTICAL 

ALMANAC. 


147«  The  Nautical  Almanac*  or  Aitronamical  I^hcmcris  contains  the 
Tight  ascension,  declination,  &c.,  of  the  principal  heavenly  bodies  for  given 
eqni-distant  instants  of  Ghreenwich  time ;  the  right  ascension  and  declination 
of  the  sun  and  planets,  for  examplci  being  given  for  every  day  at  noon 
(o^  o*  o')  at  Qreenwioh,  while  for  the  moon  these  elements  are  given  for 
every  hour.  Before  we  can  find  from  the  Almanac  the  value  of  any  of  these 
quantities  for  a  given  local  or  ship  time,  we  must  find  the  corresponding 
Greenwich  date  (Bule  LYUr,  page  179).  Where  this  time  is  exactly  one  of 
the  instants  for  which  the  required  quantity  is  put  down  in  the  Ephemeris, 
nothing  more  is  necessary  than  to  transcribe  the  quantity  as  there  put  down. 
But  when,  as  is  mostly  tiie  case,  the  time  falls  between  two  of  the  times  in 
the  Ephemeris,  we  must  obtain  the  required  quantity  by  interpolation,  it 
being  requisite  to  apply  a  correction  to  that  taken  from  the  Almanac,  in  order 
to  reduce  it  to  its  value  at  the  given  instant.  To  facilitate  this  interpolation 
the  Almanac  contains  the  rate  of  change,  or  difference  of  each  of  the  quantities 
in  some  unit  of  time,  or,  which  is  in  general  the  simplest  method,  we  may 
make  use  of  certain  tables  computed  for  the  purpose,  called  Tables  of 
^yparUanal  LogarWmi. 

To  use  the  difference  columns  with  advantage,  the  Greenwich  time  should 
be  expressed  in  that  unit  of  time  for  which  the  difference  is  given :  thus, 
when  the  difference  is  for  one  hour,  the  time  must  be  expressed  in  hours  and 
decimals  of  an  hour ;  when  the  difference  is  for  one  minute  of  time,  the  time 
ahould  be  expressed  in  minutes  and  decimals  of  a  minute. 

MS.  Simple  Zaterpolatioiik— In  the  greater  number  of  cases  in 
praotioey  it  is  sufficiently  exact  to  obtain  the  requisite  quantities  by  iitnpU 
interpolation ;  that  is,  by  assuming  that  the  difference  of  the  quantities  are 

*  The  French  Ephemerifli  La  Cmnamtmee  de  IWn|M,  is  oompated  for  the  meridian  of 
Paris,  the  Qerman  Bdin$r  Attronomitehet  Jahrhteh  for  the  meridian  of  Berlin.    All  these 
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proportional  to  the  differMMM  of  the  tiiiies>  whiok  is  eqaiTalent  to  aasoming 
that  the  diffare&ceB  in  the  EphemeriB  are  oonatant  Thia,  howeTer,  ia  nerer 
the  oaae ;  for  example,  refSarring  to  the  NonUicol  Almanac  for  1887,  the  varia- 
tion in  denlination  for  i  hour  for 

i8t  Jannarsr  is  I3''4i 

and      „  i3'-55 

3rd      „  I4*''69 

B«t  the  error  arising  from  the  aaaumption  will  be  amaller  the  kaa  the  interval 
between  the  times  in  the  fiphemeris;  henoe,  those  quantities  which  vary 
most  irregularly,  as  the  Moon's  Eight  Ascension  and  Deolination,  are  given 
for  every  hour  of  Ghreenwich  time;  others,  as  the  Moon*8  Parallax  and 
Semidiameters,  for  every  twelfth  hour,  or  for  noon  and  midnight;  others,  as 
the  Sun's  Bight  Ascension,  &c.,  for  each  noon ;  others,  as  the  right  ascensions 
and  declinations  of  the  fixed  stars,  for  every  tenth  day  of  the  year. 

M9.  Interpolation  by  Second  Blfferencefl.— The  differences 
between  the  successive  values — given  in  the  NanUieal  Almanac  as  functions  of 
time — are  called  the^r«^  diffcrcnca;  the  differences  between  these  successive 
differences  are  called  the  iceond  differences;  the  differences  of  the  second 
differences  are  called  the  third  differences^  &c.  In  simple  interpolation  we 
assume  the  function  to  vary  uniformly ;  that  is,  we  regard  the  first  difference 
as  constant,  neglecting  the  second  difference,  which  is,  consequently,  assumed 
to  be  zero.  In  interpolation  by  second  differences  we  take  into  account  the 
variation  in  the  first  difference,  but  we  assume  its  variations  to  be  constant ; 
that  is,  we  assume  the  second  difference  to  be  constant,  and  the  third 
difference  to  be  constant. 

When  the  2fa$Uieal  Almanac  is  employed  we  can  take  the  second  differenoaa 
into  account  in  a  very  simple  manner.  In  this  work,  since  the  year  1863, 
tiie  difference  given  for  a  unit  of  time  is  always  the  difference  belonging  to 
the  instant  of  Oreenwich  time  against  which  it  stands,  and  it  ex{»efiseey 
therefore,  the  rate  at  which  the  function  is  changing  at  that  instant.  This 
difference,  which  we  may  here  call  the  first  difference,  varies  with  the  Green- 
wich time,  and  (the  second  difference  being  constant)  it  varies  uniformly,  so 
that  its  vidue  for  any  intermediate  time  may  be  found  by  simple  interpolation, 
Using  the  second  differences  as  first  differences.  Now,  in  computing  a  correc- 
tion for  a  given  interval  of  Oreenwich  time,  we  should  employ  the  mean^  er 
average  value,  of  the  first  difference  for  the  interval,  and  this  mean  value^ 
when  we  regard  the  second  differences  as  constant,  is  that  which  belongs  to 
the  middle  of  the  interval.  Hence,  to  take  into  account  the  second  differences, 
we  have  only  to  observe  the  very  simple  Tvlesmploy  that  ^interpolated J  value 
of  the  first  difference  which  corresponds  to  the  middle  of  the  intervid  for  which  the 
correchon  is  to  he  computed, 

TO  EEDUOE  SUN'S  DECLINATION. 

U0«  The  declination  of  the  sun  is  given  in  the  ''Nautical  Almanac,^' 
pages  I  and  II  of  each  month,  for  every  day  both  for  apparent  and  mean 
noon  at  Ghreenwich.  The  difference  of  declination  for  one  hour  ^*'  Var,  in  i 
hour  *^  J  is  always  annexed,  and  is  intended  to  iaoilitate  the  reduotion  of  the 
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quantities  from  noon  to  any  other  time.  In  general  it  ia  necessary  to  take 
<mt  the  required  quantities  for  the  nearest  Ghreenwioh  noon  to  the  giren  time, 
and  inteirpolate  in  either  direction  to  the  giren  instant  of  Greenwich  timow 

Method  X.— By  hourly  difference.* 

BX7LE  UX. 

I^  €Ma  Or00nmeh  date  hy  memu  ofikip  Umb^  $9prei9$d  asinmamiMlfy,  and 
hngiiuie  (see  Bnle  LYUI,  page  179),  or  by  fneans  of  ehronomeUr. 

To  siyreM  Um  Oreeowioh  time  in  boars  and  decimals  of  an  honr.  Annex  a  oypher  to  the 
flWotM  and  diyide  bj  ^o,  or  divide  tbe  minutes  by  6,  and  consider  the  guotignt  at  (§nth»  of 
an  hour,  and  to  tbis  prefix  tbe  boors.  For  example,  let  it  be  required  to  express  7^  18"  in 
litMsa sad  deoiauUs.of  an  boor.  Then  6  is  contained  in  18  three  times;  to  tbis  prefix  the 
hoon  (7)  sad  ws  hsTe  7*3  hours.— See  Bxs.  X  and  a,  page  184}. 

2^.  Ttit»  oui  of  Nautical  Almanac  i^  daeUnaiianfifr  ^Aduearest  noon  U  thi 
y«Mfli  €fr§emff%eh  iaUf  nottnp  whtiher  the  deeUnaHon  u  increasing — mi  which  caw 
mpx  ihc  9%jfn  +  to  it — or  decreasing — when  the  iign  —  mtut  he  ajfflxed-^^nd  a 
i^th  to  (he  right  place  the  '*  Var.  in  1  hour  *^  found  in  page  I  of  the  month  in  the 
Nautical  Almanac. 

(a)  Wben  Greenwich  date  is  given  in  apparent  time,  take  declination  from  page  I  of  the 
Bumlb.  bat  for  wmm  time  use  page  II  of  tbe  month. 

{b)  Tbe  tentbs  of  seconds  (')  of  declination  as  given  in  tbe  Nautiwi  Almanac  may  be 
rejected  wben  less  than  five,  but  call  tbem  i"  whan  tbey  amoant  to  five  or  above— thus, 
6^-4  ia  pat  down  6%  bat  41**7  will  be  pat  dowa  43' ;  and  it  may  be  bere  observed,  that 
wheneTer  a  decimal  is  rejected  in  a  final  result  if  the  first  decimal  figare  be  5,  or  above  it, 
add  I  to  tba  last  flgara  of  tbe  result. 

{e)  Wben  the  secoads  of.  time  (in  Gtteenwieh  date)  are  less  than  30%  tiiey  may  be 
reacted;  bat  if  above  30",  increase  the  minutes  of  time  by  x";  thus,  Gheenwicb  time 
a^  35*  40^  would  be  called  1^  36*. 

3^  MMplg  the  **  Far.  in  1  hour  "  hg  the  hours,  and  fractional  parte  of  an 
hem,  thai  hare  elapsed  since,  or  most  elapse  before  thai  noon,  ae 
Ae  case  mag  he;  the  product  ie  the  correction  in  ceconde  («),  which,  reduced  to 
wUmUee  and  eeeonde,  ie  the  change  of  declination  in  the  time  from  noon. 

4^  -dpplg  thie  correction  to  the  declination  for  the  nearest  noon  to  the  given 
time,  i.e.,  to  the  dedinaUon  of  the  same  noon  ae  that  for  which  the  '<  Tar.  in  i 
hour  "  hae  heen  taken  aefoUowe : — 

(a)  When  the  DecL  is  tnereasinff  (or  has  +  afflxed).~I%# 
correction  for  the  time  elapsed  since  noon  u  additive  (see  Ex.  3),  hut 
ike  correction  for  the  time  that  most  elapse  ie  subtraetire  (see  Ex.  4). 

'  (b)    When  the  BecL  is  decreasing  (or  has  the  sign  *- 
affixed.)— TAd  correction  for  the  time  elapsed  since  noon  ie  sub* 
traetlve  (see  Bz.  1),  M  ^  correction  for  the  time  that  most  elapse 
befbre  noon  ie  additive  (see  Ex.  2}. 
.  Xke  feaslt  is  the  dedination  sought. 

K01S.— It  must  be  remembered  that  when  tbe  declination  is  taken  out  of  tbe  JfauHeaL 
Akmmm  for  ttie  noon  of  tbe  dagfoUowmg  that  of  giyen  Oreeo.  dale,  the  coirsotion  is  applied 
the  euUemrg  way  to  the  sign  afilxed. 

•  Tbis  method  of  reducing  tbe  sun's  deoUaaiion  is  the  one  ra^uirsd  to  he  aM4  at  tho 
T^M^  ifMJiiifc  Bcaid  Bsaminationib 
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Ex.  z.  (}reeiiwioh  date,  1 8S7,  Jan.  10*6^;  in  this  oaae  take  aa"4a,  the  ''  Var.  for  i  hoar  " 
on  the  loth,  which  multiplied  hy  6  gives  tlie  c<»rreotion  of  the  DeoL  for  tlie  lo.h  day— to 
be  9ubtraei$d  because  the  Declination  is  deoreating,  and  we  have  multiplied  by  the  nnmber 
of  houTi  that  haye  elapsed  9inc4  noon. 

Ex.  a.  Greenwich  date,  1 887,  Jan.  lo^  19^ ;  in  this  case  take  3S"49,  the  ''Var.  in  i  hour" 
on  the  nth,  which  multiplied  by  the  diflferenoe  between  24^  and  19^  gives  the  correction 
of  the  DecL  for  the  nth  day — ^to  be  adtUd  because  the  DecL  is  d^cnating^  and  we  have 
multiplied  by  the  number  of  hours  that  must  elapse  before  noon  of  the  nth  day. 

Ex.  3.  Greenwich  date,  1887,  April  a<>  6\^ ;  in  this  case  take  57**63,  the  '*Var  in  i  hour" 
on  the  and,  which  multiplied  by  SW  gives  the  correction  of  the  declination  for  the  and 
April — to  be  added  because  the  Decl.  is  incrHumg,  and  we  have  multiplied  by  6\  hourf  the 
time  that  has  elapsed  tinee  noon,  April  and. 

Ex.4.  Greenwich  date,  1887,  April  a^  X7|*>;  in  this  case  take  57"40}  the  '^  Var.  in  i  hour" 
on  the  3rd,  which  multiplied  by  6|  (the  difference  between  %^  and  17)^}  gives  the  oorreo* 
tion  of  the  DecL  ibr  the  3rd  day— to  be  iubiracUd  because  the  DecL  is  increoikig^  and  we 
have  multiplied  by  the  number  of  hours  that  must  elapse  before  noon,  3rd* 

5^.    jy  th$  eorrecUon  wh&n  Bubtractive  exceeds  the  declination  iUel/^  subtract 
Me  declination >^M»  the  proportional  part:   the  remainder  is  the  declination 
of  the  contrary  name. 

In  March  when  the  declination  changes  from  South  to  North,  and  in  September  when  it 
changes  from  North  to  South,  if  the  correction  by  being  subtractive  exceed  the  declination, 
subtract  the  declination  from  the  correction,  and  call  the  remainder  iT.  in  March,  but  S.  in 
September  (see  Ex,  3,  following). 

EXAMPLBS. 

Ex.  I.  1887,  January  13th,  at  3^  54B  x6*  f.x.,  app.  time  at  ship,  long.  30F  4'  B. :  ilnd 
the  sun's  declination. 

Ship  date  (A.T.)  January        13^  3^54™!  6*  Longitude     30^  4' 

Longitude  (30^  4'  E.)  in  time  —    a    o  16  4 

54"  =  tt- 

Ghreen.  date  (A.T.)  January     13*  i'»54"»  o«        60)54-0  6,o)ia,o  16 


or,  i»>'9  '9  ako»i6* 

Ded.,  page  I,  N.A.,  for  January  13th,  app.  noon,  is  ai«  a8'  53"'9  8.  (dter.) 
Var.  for  i\  Jan.  13th,  noon      a5'-59  Ded.,  noon,  Jan.  13th      ai^aS*  53''9  8 

Green,  time  i*»  54"  =  i**'9       X  1*9  Oorr.  for  i^  54™  48  -6 


Bed*  ded.  ax  a8    5  *3  8, 

Correction  48*621 

SsepUmaHon.'^'HKftiig  found  the  Oreenwidh  date,  the  tun'!  declination  is  ttkea  fti>m  the  KwHeat 
Almanac,  where  it  is  found  in  pas«  I  of  the  month  (the  Greenwidhdate  being  in  app.  time),  and  on  the  aame 
page^  in  colnmn  heeded  ''Yor.  in  1  hour,"  is  found  the  change  of  declination  for  i  hour  put  noon;  next 
obserre  that  the  declination  is  deertatinff,  and  make  a  note  of  it.  Now,  einoe  the  declination  dhangee  t5^'59 
in  1  hour  past  noon,  how  much  does  it  change  in  the  Oreenwich  time  past  noon,  vii.,  i^  54*  t  First  annex 
a  cypher  to  the  minutes  (54*)  and  dixide  by  60 ;  thus  60  is  contained  in  540  nine  times  and  nothing  orer. 
Tb  this  we  prefix  the  hour  and  we  then  have  the  Oreenwich  time  i^  54*  ss  ik-9  expressed  in  hours  and  deci- 
mals of  an  hour.  Set  this  under  the  hourly  diff.  and  then  proceed  as  in  multiplication  of  decimals,  the 
KBulting  figures  are  48621,  but  as  we  hare  two  decimals  in  the  multiplicand  and  one  in  the  multiplier,  in 
all  three  places,  thr^t  figures  are  to  be  marked  off  from  the  right  hand,  leaving  48' -621  or  48«'6,  the  ooxxeotlea 
of  ded.  for  1^  54*.  This  correction  is  to  be  avbtraettd  from  ded.  at  noon,  because  decL  is  deereatinf,  and 
we  hare  multiplied  by  the  number  of  hours,  ftc,  that  haw  €lapud  since  noon. 

Ex.  a.  1887,  Greenwich  date,  March  %6^  i4f^  a4"*  18%  mean  time:  required  the  fon'f 
decUnation* 

Green,  data  (li.T.)  March       a6*  I4»»a4«i8»  35"  42%  or  36"  =  1^)360 

Subtract  from  a4 


Time  A^#  noon  March  a7th  9  35  4a 


•6* 
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DecL,  |»age  II,  N.il.,  Maroh  a7th,  at  noon, 
I  a*  35'  9''7  N.  («PMr.)  and  Var.  in  i»»  =  58*'7o. 

Var.  in  ifc  =  58"7o 

Time  btfon  noon  9*6 

52830 


£y  Miqmi  FarU. 
Var.  in  i^  =  S^'^o 

9 


Oorr.  —  9'  235 
Ded.,  Ifanh  27th,  noon      2^35    9-7  K.  (+} 


M56>3'5» 
Oorr.    9  23*5 


Bad-ded. 


2  25  46*2  N. 


JE^IaiiafloM.— In  this  example  the  Gieenwidh  noon  of  March  a7th  iB  nearer  the  given  time  (wfaioh  ezoeeds 
i^)  dusn  the  G^reenvich  noon,  March  26th ;  therefore,  take  out  the  dec  ination  from  page  II  of  the  month, 
Vamticai  AUmanae  (becanse  mean  time),  for  noon  March  97^,  and  from  page  I  of  the  month,  also  the  '^Yar. 
in  X  honr'*  canesponding  to  this  declination,  vis  ,  58'  70.  Next  subtract  the  hours  and  minutes  of  Oreen- 
-vidi  time  from  24^,  the  remainder  9^  35"  42*  or  9^  36"  is  the  time  that  must  elapse  before  noon  27th.  Divide 
tbe  minntea  of  this  last  by  60  ro  get  ded  nals  of  an  hour ;  thus  6  is  c  >ntained  in  36  six  times,  hence  ire  have 
■6,  to  this  we  prefix  the  hours  (9)  and  we  then  have  9^*6.  Next  multiply  the  hourly  difference  by  this,  and 
the  rssoltiag  figures  are  563520,  then  thre»  figures  marked  off  from  the  right  hand  leaves  5634''S2o,  which 
divided  by  60  gives  9'  21"'$.  And  since  the  declination  at  noon  27th  is  inereasinff,  it  is  evident  that  the 
dedinat'on  at  9I'  36*  h^ore  that  noon  wiU  be  hss  than  at  noon  27th,  and  the  correction  9'  2y$  is,  therefore, 
to  be  ttMraeted  ttom  the  ded.  at  that  time;  whence  the  reduced  declination  is  2**  2$'  46^*2  N. 

Ei«  3.     1S87,  Mazoh  aoihi  z  i^"  39%  app.  time  at  Green wich :  required  the  snn's  deolination* 
Green,  date  (A.T.)»  March  2odiih39m 

DeoL,  page  I*  N  JL,  March  20th,  at  noon,  ie 
cP  10'  3'-48.  {d0^.)i  and  'far.  in  i^  =  59*-25. 

Var.  in  i^  =  59*'»5 

11*65 

29625 
^35550 


39-  = 

=  »)39-«» 

•65 

B^  Aliquot  Farts. 

Var.  in  i^  =                 59*'-25 

zi 

3 

Xh 

65175 
29*62 

296 

6,0)69,0*2625 

Oorreotion    —  ix  30*3 

March  20th,  at  noon       oPio'   f'4,  S.  (— } 
Ck>rreotion  for  I  x**'65     —  ix  30*3 


6,0)69,0*25 
—  II  303 


Bed.  ded. 


26  '9  N. 


In  thifl  example  the  oonectien  — 11'  so^'s,  which  is  that  due  to  the  time  elapsed  since  the  noon  for  which 
the  dedination  is  taken  out,  is  subtraetiw,  the  declination  decrtoHng;  but  since  the  correction  exceeds 
the  dedination  itself,  eubtraet  the  declination  fh)m  the  correction ;  the  remainder  is  the  reduced  dedination, 
and  of  a  e&ntrmy  luime  to  that  at  noon.  We  may  consider  the  sun  moving  northward,  and  therefore  the 
eovreotton  may  be  marked  N. ;  and  since  it  is  greater  than  the  ded.  it  shows  that  the  sun  has  crossed  tiie 
•fuator,  and  has  now  North  ded.  Hence  the  difference  between  the  ded.  and  the  collection  must  be  takei), 
and  marked  with  the  name  of  the  greater. 

fFor  Finding  Latitude  hy  Sun's  Meridian  AUiiudeJ 

X51.    To  find  the  declination  of  the  son  at  the  time  of  Its 
tranirit  over  a  given  meridian. 

When  the  sun  Is  on  a  meridian  In  Wbst  longitude,  the  Ghreen- 
▼ich  apparent  time  is  preoiBelj  e<jual  to  the  longitude ;  that  isj  the  QreenwiGh 
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apparent  time  is  afUr  the  noon  of  the  same  date  with  the  ship  date  by  a 
number  of  hours  equal  to  the  longitude  in  time.  When  the  San  l8  on 
a  meridian  In  East  longitndef  the  Oreenwich  apparent  time  is  before 
the  noon  of  the  same  date  as  the  ship  date  by  a  number  of  hours  equid  to 
the  longitude  in  time.  Hence,  to  obtain  the  sun's  declination  for  apparent 
noon  at  any  meridian  we  have 

BULE  LX. 

i^.  2\dte  the  deeUnaiion  from  the  Nautical  Almanac  (page  I  of  the  m<»ifh) 
for  Greenwich  apparent  noon  of  the  same  date  as  the  ship  date. 

2^  Multiply  the  ''Yar  in  i  hour  "/or  the  given  day  hy  the  long,  in  timci 
the  product  is  the  correction  in  seconds  ("),  which  convert  into  minutes  (')  and 
seconds  ("),  which  is  applied  as  follows :  — 

3°.  (a)  ^  Ml  West  longitude  and  declination  increasing  add  correction  to 
the  declination  at  noon  (see  Ex.  i);  hut  if  declination  is  decreasing  the  eorre&tian 
is  subtracted. 

(b)  JEf  in  East  longitude  and  declination  is  increasing  subtract  the  correc- 
tion from  the  declination  (see  Ex.  2) ;  hut  if  the  declination  is  decreasing  add 
the  correction,  and  the  result  will  be  the  correct  declination  (see  Ex.  3). 

ElCAlCPLBS. 
Ex.  I.    18S7,  Jane  ist,  the  son  on  the  meridian,  long.  75*  W. :  required  the  son's  deoL 

4  The  loxudtade  bdng  5k  Wort,  the  Oreenwioh  A.T.  u  s^  afUr 

.,___  tiie  noon  of  June  zrt— the  same  date  aa  the  ship  date.    The  dedL 

^    ^  is  taken  oat  of  the  Nautical  Almanae^  page  I  of  the  month, 

^i^iZ^t^  for  June  zst;  also  take  out  at  the  same  time  the  tw.  in  z^ ; 

'  the  York  will  stand  thus :— 

Ban's  ded.,  page  I,  K.A.  Var.  in  i\  page  I,  K.A 

Jane  ist,  at  noon     21^  3'   9'K.  -{-  Jane  ist,  noon    ao''46 

Oorreotion  -|-    i  4a  5 

Bed.  deoL  aa    451  K.  6,0}  10,3*30 

Oorreotion  z  4a 

JU  taia  dedL  is  inereating^  the  ded.  at  5^  nftmr  noon  will  eyidenfly  be  greater  than  that  for  noon. 

Ex.  a.    In  the  last  question  sappose  the  longitude  to  be  75*"  E. 

The  longitude  being  s^  E.,  the  Oreen.  A.T.  is  5^  hi^fore  the  noon  of  Jnne  ist—the  same  date  as  the  ship 
date.  The  ded.  is  taken  out  of  the  Nautioal  Ahnanae,  page  I  of  the  month,  for  June  1st ;  alio  the  Tar.  in 
xh,  and  the  work  is  ai  foUows  :— 

Ban's  deol.|  page  I,  K  JL 
Jane  ist»  at  noon     aa°  3'   9*N;  + 
Oorreotion  —    i  4a 

Bed.  ded.  aa    i  27  N. 

•    As  the  ded.  is  M«r«Mlf»f  it  iaeyident  the  ded.  at  5^  (^^c  nooniriU  be  less  than  that  for  nooi^. 


Digiti: 


zed  by  Google 


JlMidi&n  of  lS$mmU8  fnm  Ifamtieal  Atman§e. 


187 


Ex.  3.    ZSS7,  September  lotb,  the  ran  on  the  meridian,  long.  100^  35'  E. :  required  the 
db's  dedinatioii. 


Longitude 


100°  35' B. 

4 


6,0)40,1  20 
6i»4a«ao» 

Sun's  dec!.,  page  I,  N.A. 

Sept.  loth,  noon       4^58'    9*N.  (— ) 
dorr,  for  6»»  41"       -4-621 


The  longitade  being  6^  4a"  ao*  East,  the  Qreen.  A.T* 
is  6^  4t«  before  the  noon  of  September  loth— the  same 
date,  as  the  ship  date.  The  deoL  is  taken  out  of  the 
Kautieal  Almanae^  page  I  ef  the  month,  for  Sept.  zoth ; 
also  take  out  at  the  same  time  the  hourly  difL ;  the 
work  vill  stand  thus : — 


Yar.  in  1^  page  I,  N.A. 

Sept  loth,  noon    56*'-88 
Time  from  noon  loth,  6^  42"  =  6*7 


Bed.  ded. 


5    4  30  N. 


As  tile  dedination  is  decreaaing^  the  declination  at 
6k  42*  h^fort  noon  wiM  eridently  be  greater  than  that 
fcrnoon. 

U2.  Degree  of  Bependence.— The  sun's  declination  changes 
nearly  i'  an  hour,  or  1''  in  1*°,  in  March  and  September ;  hence  to  insure  it 
to  i''  in  the  extreme  oase^  the  Ghreenwich  date  must  be  true  to  i"". 

EzAXPUS  FOB  Paaoiioe. 
Bequired  the  sun's  declination  in  each  of  the  following  examples : — 
[These  are  preparatory  to  workiag  Amplitades,  Azimuths,  &o.] 


1. 

1W7,  January  5th, 

6»»1J«31»A.M. 

app.  time  at  ffhip 

long.  io8«  7'  W. 

1. 

>» 

Febmtry  and, 

3      9      OP.lf. 

app.  time  at  ehip 

long.   52  45  W. 

J- 

>• 

Maroh  3iet, 

6     2   12  P.M. 

app.  time  at  ship 

long.  156    3  B. 

4- 

19 

May  i6th, 

9  17  20A.1C. 

mean  time  at  ship 

long.    45  43  W. 

5. 

19 

June  loth, 

8  45     0  P.M. 

app.  time  at  ehip 

long. 129  30  E. 

6. 

»9 

October  ist, 

6    II    50  A.M. 

mean  time  at  ebip 

long.    68  15  W. 

7. 

>» 

December  i6ih, 

4  35  3«  A.M. 

app.  time  at  ship 

long.      4    8  E. 

«. 

>» 

Norember  14th, 

6  45     8  P.M. 

mean  time  at  ship 

long.  100    a  E. 

In  each  of  the  following  examples  it  is  required  to  find  the  sun's  declination 
when  the  sun  is  on  the  meridian  (at  apparent  noon) : — 


9.  1887,  Jan.  i9flh,  long.    86O57'  W. 

10.  „      Feb.  1 6th,  long.    71  59  B. 

11.  „      Mar.  aotb,  long.  168     3  W. 
II.  „      July  28th,  long.     2    o  W. 


13.  1887,  Sept.  23rd,  long.  156^  o' B. 

14.  ,«      Oct.  ist,  long.  170  58  E. 

15.  1888,  Jan.  let,  long.  156  48  E. 

16.  1887,  Sept.  23rd,  long.    26  1$  E. 


1S3.  To  find  the  Polar  Distance  of  a  celestial  oMeet,  pro- 
ceed  aooordiner  to  the  following  rule  (see  Definition,  page  i6i)  :— 

EULE  LXI. 

When  ik$  lathnde  af  the  place,  and  dedination  of  the  ehfeetj  are  of  the  same 
name  subtract  the  declination /rom  90^;  hut  when  the  latitude  and  declination 
are  4/ contrary  namea,  add  the  declination  to  90" ;  the  result  in  either  case  is 
the  polar  distance. 

When  the  latitude  is  o>  the  declination,  either  added  to  or  taken  (rom  90%  is  the  polar 
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EXAMPLBS. 

Lai.  Declination.  Polar  Distaaoe. 

N 8*>i»'i8'8 98*'ia'i8' 

K.     •  •  • •  as  30    o  K 67  30    o 

8 231158 S?  2S  45 

N.     • • 3023158 120  23  15 

8 ....•     7  22  32  N •  972232 

8 .•...•  26  42  12  8 • 631748 


»4S    aN {orTlf^sl 


154.    To  Reduce  Bquation  of  Time  to  Greenwich  Bate.^ 

The  method  of  correcting  the  equation  of  time  for  the  Greenwich  date  is 
similar  to  that  for  correcting  the  sun's  declination,  and  the  "Variation  in 
1  hour"  may  be  used  for  the  purpose  (see  Defb.,  pp.  168-169}. 

BULE  LXn. 

i^     0$ifi  Greenwich  daUf  a$  Ufir$. 

KoTB. — ^The  time  by  ohronometer  when  error  and  rate  are  applied  to  it,  gires  Mean  Time 
at  Ghreenwioh. 

2^  Take  (nU  of  Nautical  Almanac  (page  II  of  the  month)  fk$  EqwUion  of 
Time  far  the  noon  of  Ghreenwich  Date,  and  mark  it  additiye  or  subtraotiyei 
aewrding  to  the  heading  of  EqwiUon  of  Time  at  the  top  of  the  column  in 
page  X  of  the  month,  when  it  i$  required  to  turn  apparent  time  into  mean  time  ; 
hut  according  to  the  heading  in  page  XX  if  to  convert  mean  time  into  apparent: 
alto  note  whether  it  is  increaeing — when  affix  the  eign  +;  or  decreasing— «Jlfl»M^ 
the  eign  — ;  at  the  same  time  take  from  the  cohmn  in  page  Ithe  **  Far,  in  i 
hour.''* 

NoTB.— Sinoe  the  Equation  of  Time  ie  need  either  for  turning  mean  time  into  apparent 
time,  or  for  turning  apparent  into  mean  time,  it  will  be  necessary  to  attend  to  the  precept 
giTen  at  the  head  of  Uie  oolumn  of  Equation  of  Time.  When  a  line  i^—  is  plaoed  at  the 
heading  of  a  oolumn,  a  similar  one  oomes  between  two  days  in  the  column  itself;  in  which 
case  it  means  that  all  the  Equations  of  Time  above  the  line  are  to  be  applied  acoording  to 
the  directions  aboffe  the  line  in  the  heading,  and  all  the  Equations  of  Time  below  the  line 
must  be  applied  as  directed  below  the  line  in  the  heading.  The  line  -^^  is  placed  between 
these  two  days  in  which  Equation  of  Time  changes  from  addition  to  subtraction,  and  nee 
wrm,  showing  that  at  some  particular  instant  in  the  interral  the  Equation  of  Time  is  o"  o*. 
Thus,  in  April,  1887,  page  I  of  the  month,  a  black  line  is  placed  between  the  Eq,  T.  for  the 
15th  and  that  for  the  i6th,  indicating  that  a  change  of  precept  occurs  between  those  days* 
The  Equations  aboye  the  line,  page  I,  have  to  be  added,  those  below  have  to  be  subtracted. 

3^  MuUiply  the  "  Far.  in  i  hour ''  hy  the  hours  of  Greenwich  time,  and  when 
great  precieicn  is  neceeeary,  hy  the  fractional  parte  of  an  hour  aleo.  The  reeuU  ie 
the  correction  to  ie  applied  to  the  equation  of  time  taken  from  the  Nautical 
Almanac,  and  ietohe  added  when  equation  of  time  ie  increasing,  hut  subtracted 
when  equation  of  time  ie  decreasing ;  the  result  is  the  Equation  of  Time  sought. 

«  As  the  equation  of  time  is  not  a  uniformly  varying  quantity,  it  is  not  quite  accurate  to 
compute  its  correction  as  above,  by  multiplying  the  given  hourly  difference  by  the  number 
of  hours  in  Uie  Greenwich  time ;  for  that  process  assumes  that  this  hourly  difference  is  the 
same  for  eadi  hour.  The  variations  in  the  hourly  difference  are,  however,  so  small  that  it 
is  only  when  extreme  precision  is  required  that  recourse  must  be  had  to  the  more  exact 
nelhod  of  ialerpdalion  for  second  differences. 
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KoTB. — ^We  may,  as  in  ndnoiiig  tha  dedination  (see  preceding  Bole  LIX),  take  the 
£q.  T.  and  "Yar.  in  1^  "  from  the  Nautical  Almanac  for  the  ncarcci  noon  to  the  Greenwich 
time,  and  maltiplying  the  ''Var.  in  x*^'*  hy  the  time  that  mort  elapse  before  noon;  the 
correction  thns  obtained  most  be  apptied  to  the  Eq.  of  T.  taken  out  of  Ifnitical  Almanac  in 
a  canirarff  way  to  thai  directed  above,  that  is  to  say,  when  correcting  baekwardc  the  role  is 
Eq.  T.  inercasin^j  subtract— Eq,  T.  dccrcatmff^  add.    (See  fizs.  3,  4,  and  5). 

(a)  Wh»n  the  earreetion  being  eUhtraetwCt  exceeds  the  efuatian  of  time  Heelf 
Babtract  the  equation  of  time  from  the  correction:  the  remainder  is  the  reduced 
equation  of  time  sought — and  it  is  to  be  subtracted  y^om  appareni  (w  mean)  time^ 
as  the  ease  may  be,  when  equation  of  time  at  noon  is  directed  to  be  added,  but 
added  to  appareni  (or  mean)  time  when  eqtiation  of  time  at  noon  is  directed  to  be 
Bobtracted ;  i.e.,  the  Equation  has  to  be  applied  to  A.T.  according  to  the  precept 
for  the  day  following  the  given  day. 

ExAlfPT.lS. 

Ex.  I.  1887,  January  29th,  6^  53"  49*  mean  time  at  Oreenwioh :  find  Equation  of  time 
to  be  applied  to  apparent  time  in  workLag  the  chronometer. 

Eq.  of  Time,  page  11,  K.A.  Hourly  Diff.,  page  I,  N.  A. 

Jan.  loth,  add     Z3»ai«*7  (4*)  Jan.  29th,  at  noon      o"*435 

CJorr.  for  6»"9       +     3*0  ^  54"  is  6'»*9  6*9 

Bed.  Eq.  Time     13    24*7  3915 

2610 


(To  be  tkUed  to  app.  time). 


Correction       3*0015 
or,        3««o 


IbtplanaHon,^In.  iraiking  this  example,  the  Orecnirich  date  beingr  given  in  mean  time,  take  the  Eq.  of 
time  from  page  II  of  the  month  in  the  Jfautical  Ahnanae,  and  mark  it  additice  to  apparent  time,  as  dixeoted 
at  the  top  of  the  oolomn  in  page  I  (the  Eq.  T.  being  requited  to  oonvert  apparent  into  mean  time),  also  note 
that  the  Eq.  T.  is  incrsatinp,  Kezt,  the  **yar.  in  i^"  is  taken  f^mn  the  oolamn  in  page  I  of  the  month. 
The  Oreenvich  time  being  6^  54*  or  6^-9 ;  hourly  di£Ebrenoe  is  multiplied  by  6*9  giving  the  product  30015,  and 
iinee  tiiere  are  three  deoimal  figures  in  H.D.  (435)  and  one  in  Oreenwioh  time  (*9)  in  all  four,  ybur  decimal 
plaees  are  marked  oif  ikom  the  right  hand  of  the  product,  the  result  3*0015  or  3*'o  is  the  correction  to  be 
applied  to  the  Eq.  of  time  at  noon,  and  is  to  be  added  to  it  because  it  is  that  due  to  time  elapud  mmm  noon 
vhlle  the  Eq.  T.  is  i^creanng, 

Ex.  2.  1887,  September  29th,  13^  45*  mean  time  at  Gk«enwich :  find  the  Equation  of 
time  to  be  applied  to  mean  time  to  get  apparent  time  in  working  the  Time  Asimnth  or 
Bedvotion  to  Meridian. 

Eq.  T.,  page  II,  N.A.  Var.  in  I^  page  I,  K.A. 

Bept  29th,  noon,  add    9»38«*2  (-{-}  Sept  29th,  o>*8a4« 

Oonr.  for  13'*  45"         +    11*3  Gkeen.  time  t3*»  45"  =      13-75 


Bed.  Eq.T.                  9   49'5  •  Multiply  1375  by -824,             55oo 

(Tobe«*WtoM.T.)  ^SicSiSf  •  ^"* ''        „^** 

In  this  instance  it  is  required  to  turn  mean  time  ...__ 

into  apparent  time,  therefore  the  Bed.  Eq.  T.  is  to  _ 

be  rapued  to  mean  time  according  to  precept  at  head  11*33000 

«r  tiu  eohimnin  page  n  of  the  month  in  Jfav^ol 


or,    ii»*3 

Or,  proceeding  according  to  note  to  3<»  in  Bole,  we  may  take  out  the  Eq.  T.  firom  the  Nautical  Mwuinae 
Sk  the  ncarcct  noon  to  Oreenwioh  time,  vis.,  noon,  Sept.  30th,  and  multiply  the  conesponding  <*yar.  in  ik  ** 
iTihtllmtftetiiiwM  ^r49F«fMft»ssdO]l,Tix,  (34h-*f)^4$"a)tc»l5*%  fttftfiultiifhsoorfsetfoafbbe 
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i$o  JMuMon  of  ISem&iUt  from  IfatUU&t  Almmac. 


Kppliel  to  the  Bq.  T.  Mkea  out  of  Nautieal  Almmnue  m  *  tontrmry  weey  to  that  atoTO.    the  wrk  win 
tfkaadthiis:— 

Orem.  date,  Sept.  29*  I3h45«  Var.  !>»,  page  I,  N.A. 

SaUtraotfrom  H  Sept.  30th,  at  nooa  o»-8f3 


Time  from  nooiii    Sept.  ^o*  10  15 


Time  before  noon 


T!i     m  TT  XT  *  Corp.  for  io*» 

Eq.  T.,  page  II,  N.A.  ck)„  ^^  j, 

Sept.  3ot1i,  noon,  add      9'"57»*9  (+) 

Oorr.  fbr  loj*  —    S-j  Oorr.  for  lojh  8.333 

Red.Eq.  T.  9    496  or,    %$ 

(Tobe«iaWtoM.T.) 

The  Eq.  T.  irould,  in  this  case,  be  less  10}^  before  noon  than  what  it  is  at  noon ;  the  correction  is  fherefon 
nbtraoted  from  the  Eq.  T.  at  noon. 

Ex.  3.    1887,  Deoember  24th,  iai>  54"*  mean  time  at  Greenwioh:  find  the  Eqnatien  of 

time  to  be  applied  to  apparent  time  in  working  the  chronometer. 

Green,  date  (M.T.)»  Dec.  24<i  la^  54"  z=  Dec.  24(1 12*>  9. 

Eq.  T.,  page  II,  N.A.  Yar.  in  I^  page  I,  N.A. 

Deo.  a4th,  noon,  euhi,     0*14^9  (— }  Deo.  nth,  noon  i«-a46 

Oorr.  for  12^*9  —    1 6*1  Green,  tiao  ia'9 

Bed.  Eq.  T.  o      ra  ii»i4 

(To  be  added  to  A.T.)  '495^ 

Corr.  16-0734 

or,     i6«'i 

In  this  case  the  oorrection  is  subtraetive,  and  exceeds  in  amount  the  Eq.  T.  at  noon,  therefore  the  Eq.  T. 
is  taken  from  the  cocreotioa,  and  the  remainder  is  the  reduced  Kq.  T.  to  be  added  to  AT.,  aocording  to  the 
precept  for  the  day  following  the  given  day—a  change  of  precept  occurring  between  Dec.  24'h  and  Dec.  25th 
— ^which  change  is  cihown  by  means  of  a  black  line  between  the  equations  for  the  two  namM  days. 

Ex.  4.    1887,  June  14th,  aa^  a5«  ai«  mean  time  at  Greenwich :  find  Equation  of  time  to 

be  applied  to  mean  time  to  deduce  apparent  time. 

Green,  date,  Jnne  14*'  22«'a5"  Var.  in  i\  page  I,  N.A. 


.  June  14th,  noon  o'-c24 

<^»      *^    4  Tima  «i2*i  noon  -A-^ 


Time  170^  noon  aa'4 

209 
1048 
Corr.  for  a'a*"  a5»  '"'?/    '  '°4^ 


Bq.  T.,pigeII,  N.A.  2096 

Jane  14th,  noon,  subt,     C"  s'l  (— )  '^* 


Red.Eq.T.  o    60  ^^"'  "'7376 

(To  be  added  to  A.T.)  or,     1 1»-7 

In  this  case  the  correction  is  subtraelhe  and  exceeds  the  equation  itself,  therefore  the  equation  is  sub' 
traded  from  the  oorrection,  and  the  difference  is  the  reduced  Eq.  T.,  whi(ui  is  to  be  applied  to  maaa  *»«■* 
aocording  to  the  precept  on  page  II  for  the  day  following  the  given  day. 

By  using  the  Eq.  T.  corvesponding  to  the  nearest  Greenwich  noon,  Tii.,  that  fur  June  15^1,  the  work  will 
stand  thus  :— 

Green,  date,  Jane  14*  22** 25"  Var.  in  l^  page  I,  N.A. 

Snbtractfrom  J4 June  15th.  at  noon  0-530 

Time  from  noo.,    Jane  .s'^    i  35  Time  from  noon,  .5th,        j^ 

or,      r^-6  l^ 


Eq.  T.,  page  II,  N.A.  q^^ 

Jane  15th,  at  noon,  add      o™  7«'o  (+) 
Oorreotion  for  1^*6  o-8  or,    o»"8 


ZiZ 


Bed.  Eq.  T.  o     6*a 

(Tob(iit4MtoA.T.) 
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Ex.  5.     1887,  AofDit  3i8t,  19^  i4<«  34",  mean  time  at  (Greenwich :  find  Equation  of  time 
to  be  applied  to  apparent  time. 


Eq.  of  Time,  page  II,  N.A.  Hourly  Diff.,  page  I,  N.A. 

Aug.  3iBt,  at  noon,  add    o»x4**85  (-—)  Aug.  3iBt,  noon      o>'772 

Oonr.  for  19^  I4»  —    14-86  i9'»  I4"  :=    19^ 


Bed.  Bq.  T. 


Ootreotion  14-861 

or,  i4»-86 
Examples  fob  Pbaotiok. 
In  each  of  the  following  examples  it  is  required  to  find  the  equation  of 
time  corresponding  to  the  given  Greenwich  date,  and  how  it  is  to  be  applied 
in  the  first  six  examples  to  Apparent  Time  to  deduce  Mean  Time,  and  in  the 
remaining  examples,  how  it  is  to  be  applied  to  Mean  Time  to  turn  it  into 
Apparent  Time. 

1.  1887,  Jan.  5th,  at   4»»33"»  o'M.T.  7.  1887,  June  14th,  at  I2»»5i"»  o*M,T. 

3.       „      Feb.  i8Lh,  at    8  20    o  M.T.  8.  „      Aug.  318C,  at  15  54    o  M.T. 

3.  „      April  14th,  at  22  30  10  M.T.  9.  „      May  14th,  at   9  36    o  M.T. 

4.  „      May  i9tb,  at    6  56    o  M.T.  10.  „      Nov.  14th,  at  21  35    o  M.T. 

5.  „      Jane  14th,  at  11  49  50  M.T.  11.  „      Dec.  24th,  at  18    a  54  M.T. 

6.  „      Aag.  3i8t,  at  21  14  40  M.T.  12.  „      Dec.  24th,  at    7  18    o  M.T. 


CORRECTION  OF  THE  OBSERVED  ALTITUDE. 


US-  The  corrections  necessary  to  reduce  an  altitude  observed  from  the 
iea*horizon  with  a  quadrant  or  sextant,  &c.,  to  the  true  altitude,  conaifit  of 
the  index  coirection,  the  dip,  the  correction  of  altitude,  or  the  joint  effect  of 
refraction  and  parallax,  and,  in  certain  cases,  of  the  semidiameter.  (See 
Defr.,  pp.  164-166). 

Tile  alttiodea  of  heavenly  bodies  are  obeerVed  firom  the  deck  of  a  sbip  at  sea,  with  the 
■eztaat,  for  the  porpoee  of  finding  latitude,  longitude,  &c.  Such  an  altitude  is  called  the 
**  oUtrved  altUtid0.**  There  are  certain  instramental  and  circumstantial  eoureee  of  enor  by 
which  this  if  affected : — (a)  The  sextant  (supposed  otherwise  to  be  in  adjustment)  may  have 
an  index  error ;  {b)  The  eye  of  the  observer  being  elevated  above  the  surface  of  the  sea,  the 
horiion  will  appear  to  be  depressed,  and  the  consequent  altitude  in  reality  too  great ;  and 
(«)  One  of  the  limbs  of  the  body  may  be  observed  instead  of  its  centre.  When  the  oorrection 
for  these  errors  and  method  of  observing  are  applied— '*the  index  coirection/'  "correction" 
Ibr  dip,  and  *'semidiameter,"— the  observed  is  reduced  to  the  apparent  aHUwk,  But  again, 
lor  the  sake  of  comparison  and  computation,  all  observataoos  must  be  transformed  into  what 
they  would  have  been  had  the  bodies  been  viewed  through  a  uniform  medium,  and  from  one 
common  centre— -the  centre  of  the  earth.  The  altitude  supposed  to  be  so  taken  is  called  the 
"trm  aUUitd$;**  it  may  be  deduced  from  the  apparent  altitude  by  applying  the  corrections 
called  "corrections  for  refraction"  (Table  lY,  Norib,  or  XXXI,  Rapbb),  and  "correction 
for  parallax"  (Table  VI,  Nonis,  or  XXXIV,  Rapbb),  which,  however,  are  lometimes  given 
in  tables  combined  under  the  names  "correction  of  altitude"  (Table  XVIII,  KoazB). 
(sO  "Corrttstion  for  refraction; "  when  a  body  is  viewed  through  the  atmosphere,  refrac- 
tion will  cause  the  apparent  to  be  greater  than  the  true  altitude;  heoce  the  correction  for 
refraction  is  subtractive  in  finding  the  true  from  the  apparent  altitude.  (6^  "Oorrection 
for  parallax; "  the  position  of  the  observer  on  the  surfetce,  especially  for  near  bodies,  will 
canse  the  apparent  to  be  leas  than  the  true  altitude ;  hence  the  correction  for  parallax  i« 
additive  in  flndins;  the  true  from  the  apparent  altitude, 
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TO  COEEEOT  THE  SUN'S  ALTITUDE. 

RULE  LXin. 

1°.     Oarreci  the  ohwrved  altitude  of  the  eunfor  index  erroTf  if  any. 

2".  Subtract  the  dip  amwering  to  height  of  eye  (Table  Y,  Nokib,  and  Table 
TCTCTC^  Bapbb]  ;  the  remainder  ie  the  apparent  altitude  of  the  limb  oheerved. 

f.  Subtract  the  refraction  (Table  lY,  Nobis,  and  XXXI,  Bapbb),  add  1k$ 
parallax  (Table  YI,  Nobib,  and  XXXIY,  Bapbb)  ;  or  take  out  the  **oorreelion 
in  altitude  of  eun  "  (Table  XYIII,  Nobib],  and  eubtraet  it ;  the  remainder  ie  the 
true  altitude  of  the  oheerved  limh. 

4^.  Take  from  page  II  of  the  month  in  the  Nautical  Almanac  the  Bun's  eemi* 
diameter,  adding  it  when  the  eunU  lower  limb  (l.l.)  ie  observed,  hut  suhtraetin§ 
it  iohen  the  eun^e  upper  limb  (u.l.)  ie  oheerved;  the  result  thus  obtained  ia  the 
true  altitude  of  the  sun's  centre. 

Table  IX,  Kobib,  and  Table  38,  Bapbu,  oontain  the  gross  oorreotion  of  altitude,  or  the 
oorrections  for  dip,  refraction,  eun's  Bemidiameter,  and  parallax— excloBive  of  index  error— 
which  are  sometimes  used  in  solying  questions  in  nautioal  astronomy  when  great  precisioa 
is  not  neoessary. 

F1TAMFT.E8. 

Ex.  I.  i887f  January  6th,  the  observed  altitude  sun's  l.l.  39*"  8'  30*,  index  oorreotion 
+  33%  height  of  eye  19  feet:  required  the  true  altitude. 


Jiaper. 

Obs.  alt.  sun's  l.l. 
Index  correction 

Dip  fTable  30) 

App.  alt.  sun's  l.l. 
Ref  (Tiible  31)  \ 
—Par.  (Table  34)  i 

True  alt  sun's  i^l. 
Semidiameter 


8' 30" 
33 


39 

9  3 
4  15 

39 

448 
'    5 

1 

•111 

True  altitude    39  10    i 


Iferie. 

Obs.  alt.  son's  l.l. 
Index  correction 

Dip  (Table  5} 

App.  alt.  sun's  l.l. 
Oorr.  alt.  (Table  18} 

True  alt.  sun's  l.l. 
Semidiameter 


¥' 


8' 30* 
33 


39 

9  3 
4  " 

39 

4  5» 
'     3 

¥ 

An 

True  altitude     39  ao    f 


Ex.  a.    1887,  June  18th.  the  observed  altitude  sun's  l  l.  71^  19'  ae%  index  correotion 
4»  3'  46',  height  of  eye  18  feet:  required  the  true  altitude. 


Obe.  alt.  sun's  l.l. 
Index  correction 

Dip  (Table  30) 

71^19' ao* 
+    3  4<5 

71  23    6 
—    4  10 

Obs.  alt.  sun's  l.l. 
Index  correction 

Dip  (Table  5) 

Oorr.ofalt.rrablei8) 

Semidiameter 

True  altitude 

71^19'  ao' 
+    34« 

71  23    6 
—    4    4 

Par.+        3  1 

71  18  56 
—        '7 

71  19    a 
—        17 

71  18  45 
+  15  46 

7'  34  V 

Bemid.,  p.  II,  N.A. 

Tni6  Altitude 

71  18  39 
+  «5  4« 

7«  H  *f 
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Ex.  3.    1S874  AagnBt  8th,  obaerred  altitude  sun's  u.l.  za*  5a'  30%  index  oomotion  + 
3'  10',  heiglit  of  eye  1 7  feet. 

Obs.  alt  son's  vj,.  12^51'  30*  Obs.  alt  sun's  17.l.  12^52'  30^ 

Index  coneolion  4-    3  10  Index  oonreotion  +    3  i® 


Dip  i7fBet 

£flf.— 4'ii-\ 
I^.+       8  1 

Bemidiameter 

Tsoe  altitude 


"  S5  40 

—  4    5 

"  5«  35 

—  4    3 


"  47  3« 
—  «5  49 


Dip  17  feet 
Goixeoiion  altitude 


12  S5  40 

—  3  57 

la  51  43 

—  3  57 

12  47  46 

—  15  49 


2. 

3- 

4. 

i 

7. 


1S87, 


Jan.  2Qthy 
Feb.  ilth, 
April  20th, 
May  8th, 
July  i6th| 
Aug.  7th, 
Bept.  2nd, 
Oct.  nth, 


Semidiameter 

Traeahitade    12  31  57 
12  31  43 

ExAiffFT.TM  ^9  PaAcrnoB. 

Obs.  alt.  sun's  L.L.    17^44'  30'    Index  ooxr.  *-  i'  25'  Eye  16  feet 
48    4  10 
76 


99 
11 


3  o 
58  38  *o 
65  I  o 
85  13  20 

V.L.  28  16  20 
V.L.  67  44  O 


+  055 

—  I  27 

—  I  10 

+  0  17 

—  2  10 

-4  I 
-I  38 


12 
„   18 

..  »4 

w  io   „ 
M  '5  i> 


» 


»> 


TO  FIND  THE  LATITUDE  BY  A  MERIDIAN 
ALTITUDE  OF  THE  SUN. 


EULB  LXIV.. 

]^  With  the  ihip's  daU  and  hngii/ud$  in  Urn,  fini  tM  Qtmmiih  (hk  ia 
i^parent  time  (BuU  LYUI,  5^  page  179}. 

2\  Kb  the  sun^s  declmatianfirom  Nautical  AlxnanaOi  (page  I  of  the  month), 
mii  correei  iifar  the  Oreenwieh  date  (Bole  TiTX,  page  183). 

Instead  of  proceeding  according  to  i*  and  2**  the  declination  may  be  found  thns :— i.  Take 
the  ran'e  declination  from  the  JSTauUedl  Almtmac,  ftwr  apparent  noon,  page  I ;  and  also  the 
eorreiponding  hourly  difference.  2.  Maltiply  the  hourly  diff.  by  long,  in  time,  expreflsed 
in  hoars  and  dedmale  of  an  hour.  3.  When  the  declination  is  tnereoHn^  the  oorreotion  is 
to  be  added  in  Wut,  bat  9ubtraUed  in  EaH  longitnde ;  but  when  the  declination  is  deereating^ 
mAtfe^  in  W«9t  bnt  add  in  Ea&t  longitnde.    (See  Eale  LX,  page  186.) 

3*.  Ccfreet  the  oheerved  altitude  far  index  error  ^  dip,  eemidiameter^  and  r^ae- 
U$n  and  paraUaXf  and  thue  get  the  true  altitude  (Bule  IXnif  page  192); 
HtUraei  true  altitude  from  90'' :  the  result  win  he  the  true  nenith  distanee.^ 

4".  CaO  the  unith  distanee  N.  ufhen  the  oheerver  ie  North  of  mn,  or  when  the 
em  lean  South:  eaU  %eniih  dietanee  S.  when  the  ohserver  ie  South  o/eun^  or  when 
it  hears  North. 

f,  Add  together  the  declination  ^  tenith  distanee,  when  they  have  the  same 
MM  (see  EzB.  i,  31  6,  and  7) ;  hut  take  the  difference  if  their  n0^M  he  unlike 
(aee  Exe.  2,  4,  8,  9,  10,  and  1  j) ;  the  latitude  isN.orB.as  the  greater  ie. 

6\  When  the  dedinatim  is  0%  the  wenith  distance  ie  the  latitude,  and  0/ ike 
ittne  MM  as  th^  senith  distance  (see  Exs.  5  and  12) ;  and  when  the  %enia^ 
distanee  is  &",  the  declination  is  the  latitude,  which  ie^fthe  same  name  ae  the 
declination  (see  Ex.  1 3).    


•  When  irut  s/^vi^^  ezce^  90%  subtract  f(f  from  it. 


OQ 
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Correcim  of  ike  Ob$wwd  JJUMe. 


EXAICPIJIS. 
Ex.  I.    1887,  January  15th,  in  longitude  73*  43'  W.,  the  obserTed  meridian  altitude  of 
the  snn'a  l.l.  (lower  limb)  was  59°  43'  10',  bearing  North;  index  error  -{-  a'  lo*,  hei^t  of 
eye  14  feet :  required  the  latitude. 

The  observation  was  made  when  the  sun  was  on  the  meridian,  that  is,  at  apparent  noon; 
the  date^  therefore,  at  the  place  of  observation  is  January  Z5th,  o^  o»  o«.  But  the  meridian 
of  the  place  of  observation  is  73^  43'  W.  of  meridian  of  Greenwich,  and  therefore  the  sun  is 
73*  43'  W.  of  meridian  of  Greenwich;  or,  in  time  41^  50^  48*,  since  73*  43'  is  equivalent  to 
4h  JO*  48*  (see  below).  It  is,  therefore,  4^  50a  48*  poit  apparent  noon  at  Ghweawieh,  and 
tiie  (Greenwich  date  is  found  by  adding  4**  501*  48*  to  the  time  of  apparent  noon  at  ship^ 
January  15th,  thus: — 

Ship  date,  January        15'  o^  o*  o*  73^  43' 

Longitude  73''  43'  W.  +    4  50  48  4 

Greenwich  date,  Jan.    15    4  50  4^  4i'50"48* 

With  this  date  the  sun's  declination  must  be  taken  out  of  Nautical  Almanac,  where  it  will 
be  found  in  page  I  for  January.  It  may  be  reduced  to  Greenwich  date  by  means  of  the 
Tables,  or  by  *•  hourly  diif./'  thus  :— 

Ded.,  page  I,  K.A.  Hourly  diffl,  page  I,  N.A. 

Jan.  15th,  at  noon       31°  7'  ^6"  8.  (— )  Jan.  15th  —  37'*64 

Oorr.  for  4»»  5i«  3  14  4»»5i«  =  4»»-85  X     4*85 


Bed.  ded. 


S. 


31      5   33 

In  irorkiiig  tiiis  example  the  H.  diiL  for  fhe  noon 
ofthe  day  is  taken.  WeaividetheminuteBofOreen- 
wiohtimebyd;  tims,  6  ia  contained  in  51  oighttlinea 
and  three  over,  6  is  oontsined  in  30  (the  remainder 
3  with  a  o  added)  five  times ;  henoe  we  have  the 
deoimal  •%$,  to  this  we  prefix  the  hours  (4),  and  we 
then  have  4^-65  to  mnlnply  by.  As  the  Greennich 
date  wants  lo*  of  5  hours,  we  might  have  mnltinlied 
the  hoorlv  dift  hy  5,  and  dednoted  one-sixtti  of 
hourly  diiL  from  the  prodnot 

£ap&r. 
Obs.  alt.  sun's  ljl.  50^  43'  k/"  N. 

Index  error  -f    >  >o 


13830 

33II3 

1 1056 
Gorreotaon       —   a  14*1 


Dip  (Table  30) 


alt.  sun's  L.L. 
ion  (Table  31) 


Panllax  (Table  34) 

True  alt.  sun's  l.l. 
Semidiameter 

lYae  altitude 


Zenith  distance 
Declination 


59  44  ao 

—  340 

59  40  40 

—  34 


'-?■ 


40    6 


59  40  10 
+  16  18 

59  5^  »8 
90    o    o 


30 

31 


3  3*8. 
5  33  8. 


rnric. 
Obs.  alt.  sun's  l.l. 
Index  error 


59*43'  io*N. 
-f-    3  10 


59  44  >o 
Dip  (Table  5)  —    3  3« 


Oorr.  alt.  (Tkble  18) 

Semidiameter 
True  altitude 


Zenith  distance 
Declination 

ZaiUutU 


59  4044 
— 2 

59  40  15 
+  16  18 

59  56  33 
90    o    o 

30    3  »7  S. 
21    5  33  8. 

5»    8  49 


The  meridian  lenith  distanoe  and  declination  are 
r  . ..    .  ad        added,  beoause  they  are  of  the  sams  name.    (This  is 

ZatUtid$  51     854  a       according  to  Ko.Fof  the  Bole). 

Ex.  a.  1887,  February  3rd,  in  longitude  139°  43'  E.,  the  observed  meridian  altitude  of 
the  sun's  l.l.  56^  56'  56',  bearing  South ;  index  correction  —  3'  4' ;  height  of  eye  14  feet. 

The  observation  was  made  when  the  smi  was  on  the  meridian,  that  is,  at  apparent  noon; 
the  date,  therefore^  at  the  place  of  observation  is  Feb.  ^'^  o^  o»  o«.  But  the  meridian  of  the 
place  of  observation  is  139°  43'  E.  of  meridian  of  Greenwich,  and,  therefore,  the  sun  is 
139^  43'  B.  of  meridian  of  Greenwich;  or,  in  time,  9*"  i8»  48«--since  139*"  43'  is  equivalent 
to  9^  iSa  48*  (seo  below).   It  It,  therefoxei  9^  i8»  48*  btfm  appfureat  noon  at  Gvee&wiohf 
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and  the  Gmenwioh  date  is  found  by  mbiratting  ^^  i8n  48"  from  tht  time  of  apparent  noon 

akihip,thiui: — 

Ship  date,  Felnraary         3'  e*'  oa  o"  139^42'  B* 

LoDgitade  139*  4a'  E.     —    9  18  48  4 


Green,  date^  S^bniary     %  14  41  11 


^,o)55»8  48 


9^i8»48* 
We  take  out  of  the  Ifautical  Ahnanae,  page  I  of  the  month,  the  deoL  and  "7ar.  in  i^*'  for 
the  nearest  noon  to  the  given  Green wioh  dute,  vis.,  for  noon,  Fob.  3rd ;  and  sinoe  the  long, 
is  9^  i8*>  48%  the  Ghreenwich  date  is  that  amount  befor$  the  noon  of  Feb.  3rd,  we,  therefore, 
multiply  the  "var.  in  i^"  44*16  by  9^*3;  the  resnlting  flares  are  410*688,  or  6'  51'.  The 
deol.  at  noon,  dicreanng^  will  evidently  be  mor$  at  that  instant  than  9^  190^  hefw  noon; 
tiierefare,  the  oonection  is  6'  51'  to  be  added  (see  Role,  a®,  note). 


Ship  date,  Febmary        i^  o^  o«  o" 
Long.  i39^4a'£.  —    9  18  48 

Green,  date,  Febmary    2  14  41  12 

Time  before  noon,  Feb.    3    9  19 

I>ecL,pageI,N.A.,Feb.3rd=  i6''3i'8'S., 
ieer.    Hourly  diff.  44'' 16. 

Hourly  diff.,  Feb.  3rd,  noon    44*' 16 
Time  btfere  noon  9"  i9«  X  9*3 

13248 
39744 


Gorreotion 
Decl.y  noon,  Feb.  3rd 

Bed.decl. 


6,o}4i,o'688 

+    651 
16  31    88  — 


JSfwrie. 

Obs.  alt.  sun's  l.l. 
Index  oorreotion 

Dip  (Table  5,  None) 

App.  alt.  sun's  I..L. 
Gorr.  alt.  (Table  18) 

True  alt.  sun's  l.l. 
Semidiameter 

True  alttitude 


Zenith  distance 
Declination 

Latitude 


56056'56'S. 
—    3    4 


5«  53  5* 

—  3  36 

56  50  16 

—  o  3» 

5^  49  44 
+  16  16 


57 
90 


6    o 
o    o 


32  54    o  N. 
1637598. 

16  16    f  N. 


The  diflerenoe  of  senith  dlstanoe  and  declination 
is  taken  because  they  are  of  eontrary  names,  the 
lat.  taking  the  name  of  the  greater.  (See  No.  50  of 
Bule). 


16  37  59  8. 

By  Maper :  Index  oorr.  —  3'  4' ;  dip  — 
3*40';  refif.  —  ©'38*;  par.  +  4';  semid.+ 
16'  ifi* ;  true  Jt  57®  5'  54' ;  latitude 
i6«  16'  ^'  N. 

Ex.  3.    1887,  Maroh  20th,  longitude  178*  35'  W.,  observed  meridian  altitude  of  the  sun's 
X.L.  52"  52'  50*,  bearing  South ;  index  oorreotion  ^  i'  5' ;  height  of  eye  12  feet, 


Ship  date,  Maroh 
Long,  in  time 


20*  o*»  o«  o« 
+  "  54  ao 


Ghreen.  date,  Maroh  20  11  54  20 

or,       ii*>'9 

Hourly  diff.,  noon,  20th  59*'>5 

T.  from  noon,  20th,  II »» 54"  X  "'9 

533*5 
^5175 

6,o)70»5'075 

Correction         —  "'45* 

Deei.,  March  20th,  noon   o«  10'   3'  8.,  deer. 
Comt^on  —  II  45 


Bed.  deol. 


o    I  42  N. 


By  Saper  :  Dip  —  3'  20»;  refr.  —  o' 44* ; 
par.  4.  5';  semid.  +  16'  5'.  True  alt. 
$f  6'  i\  and  kUtude  36*  S5'  4t*  N. 


Obs.  alt.  sun's  l.l. 
Index  correction 


52'5»'5o'8. 
+    '    5 


Dip  r^otiej 

5*  53  55 
—    3  19 

App.  alt.  sun's  l.l. 
Corr.ofalt. 

5>  50  $6 
—        38 

True  alt.  sun's  l.l. 
Semidiameter 

5^4958 
+  >^    5 

True  altitude 

53    6    3 

90    0    0 

Zenith  distanoe 
Declination 

36  53  57  N. 
0    I  42  N. 

Latitude 


3^  55  39  N. 


The  mer.  sen.  dist.  and  ded.  being  of  the  Mme 
name  their  ntm  is  taken  for  the  latitude  (see  No.  5« 
,r  of  Role). 
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Ex.  4.    1 887,  July  1 3th,  longitude  tocf  W.,  observed  meridian  altitode  fun's  lJi.  68*  2'  0^, 
bearing  Koriibi  index  ooneotlon  —  2'  16'',  beight  of  eye  17  foet. 


Bbip  date  (A.T.)  July    i3<i  o^"  o»  o« 
Long,  in  tune  -{-    6  40    o 

Ghreen.  date»  July  13'  6  40    o 

Ded.,p.I,  NJL.,  July  13th,  ai»5i'  ii'N.  — 

Honrly  diC,  July  i3ih,  noon  ai'^i 
Timo  nom  noon  6^  40"  6 


10    U 


130*26 

10-85 

3*6i 


Ckmeotfon 
I>ecl.|  noon,  i3tb 

Bed.dedL 


6>o)i4,4'7« 

—    2  25 
21  51  12  N. 

21  4S  47  N. 


By  JBtaptr:  Index  oow.  —  2'  16';  dip 
—  4  5';  oow-  *lt«  —  »«';  «eniid.  + 1/  46"^; 
trae  alt.  68*  11'  4';  latitude  o<»  o'  9'  8. 


Obs.  alt.  sun's  i^l. 
Index  oorrection 


Dip  (Table  5) 

OoR.  alt  (Table  18) 

Semidiameter  (N.A.) 
True  alt 


Zenith  distance 
Deolination 


68«  %'  CN. 
—    2  16 


67  59  44 

—  3  57 

67  SS  47 

—  20 

67  SS  *7 
+  1546 

68  II  13 
90    o    o 

21  48  47  £ 

2f  48  47  K. 


Th«  ship  is  on  the  equator. 

When  the  Moith  diftanoe  and  deoHnatioii  are  nnmerioally  egoal,  and  of  oontrazy  namee,  the  ship  is  en 
the  equator. 

Ex.  5.    1887,  September  23rd|  long.  44^  24'  B.,  obserred  meridian  altitude  of  son's  lx. 
40^  9',  bearing  North,  index  oozreotion  -f-  ^'>  height  of  eye  18  feet. 


Green,  date  (A.T.}  Sept  22nd  21!"  2»24« 
lime  from  noon,  Sept.  23rd        2  57  36 

2*96 

Dedl.,  page  I,  N.A.,  Sept.  23rd,  at  noon, 
is  o»  2'  53*  S.,  m^mumf,  hourly  diff.  5«''49- 
H.  diit,  Sept.  23rd,  noon        58''-49 
Time  from  noon,  Sept.  23rd       2*96 

35094 
5*^41 
Z1698 


6,o)i7>r'304 
o    2  53  S.  iiwr. 


DeoL,  Sept  23rd 

Bed.  dedl.  000 

The  deoL.  it  taken  out  for  the  nearest  noon  to 
Gfeen.  date,  Tii.,  Sept  ajrd  at  noon,  and  oorrected 
for  theintarral  betweenit  and  the  Oreen.  time,  irhidh 
is  eqaal  in  anM>imt  to  the  longitade  in  time,  Tic, 
a^  57*  3^  (^  a^'Q^)*  "^^  might  haye  Ibund  the  oor- 
recnaon  for  3^  ana  taken  from  this  reeult  the  change 
fu  a«,  or  one-thirtieth  of  th«  hourly  difference. 


Obs.  alt  sun's  i..ite 
Index  cozreotion 


Dip  18  feet  (Table  5) 

Ooir.  alt  (Table  18) 

Semidiameter,  K.A. 
True  altibde 


Zenith  distance 
Declination 


40O9' 


20 


40 

9  20 

4    4 

40 

516 
I     I 

¥ 

4  15 
«5  59 

40 
90 

20  14 
0    0 

49  39  46  S. 
000 

Zatuutu  49  39  46  a 

By  £ap&r :  Index  correction  +  20* ;  dip 
—  4  lo";  refr.  —  1*9*;  par.  +  ^';  aemid. 
+  15'  59';  true  alt  40^  20'  7';  Intitude 
49*  39'  53'  S. 


The  foi^;oi2ig  examples  0how  the  form  and  method  of  computing  the 
Latitude  from  a  Meridian  Altitude  of  the  Sun,  and  the  following  examples 
illustrate  every  possible  variety  of  form  under  which  the  latter  part  of  the 
problem  oan  ooonr. 
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EZAMFIilS. 
6  and  7.    Zenith  DiBtanoe  and  Deolination  of  «0m#  name,  N.  or  S, 


IVae  mer.  alt. 


B&.diat. 
Dedlinatloa 


90    o    o 

49  43  5»  N. 

II  14  40  N. 

60  58  3a  N. 


True  mer.  all 


Zeii.di0t 
Declination 

ZaiUmd$ 


49^5«'3i'N. 
90    o    o 

40    3  19  8. 
la    3  10  8. 

5a    6  39  8. 


.8  and  9.    Zen  Dirt,  and  Deifl.  of  il^^lrwil  tfameiy  and  Zen.  Diit  graatar  than  Deo^ 
the  Lat.  is  of  laine  name  aa  Zen.  Diet. 


TmeaU. 


Ben*  ffiflt, 
BeeliBatton 

JdUUtid0 


3a<»54'  14-8. 
90    o    o 

5i    5  4«1^. 
16  ao  a8  8. 


40  45  18  N. 


True  alt 
Bier.  aen.  diat 


ZatitutU 


^9°S9'»3"N. 
90    o    o 

30    o  37  8. 
a3  a4  13  N. 

6  36  a4  8. 


Exi.  10  and  11.    Zen.  Diet  and  Ded.  of  difhrmU  namea,  and  DeoL  greater  than  Zen. 
Dut,  the  Lat.  ia  of  the  aame  name  aa  tiie  DeeL 


Tmealt. 


Ker.  len.  diat 
Dedfination 


8d^53'4i-'N. 
90    o    o 

3    6  198. 
a3  ai  J3N. 


ao  15  14  H. 

Scia.    DeoLo.   Hie  Zen.  Diat.  ift  Lat., 
N.ov&aeoordinf  aa  theZen.Diat.is  N,or  8. 

l^nealt  5i"i8' la'N.  (or8.) 

90    o    o 


Tniealt. 


Her.  sen.  dist. 
DeoUnation 


Mar.  aen.  dist 
Dedination 


38  41  48  8.  (or  N.) 
000 


38  41  48  8.  (or  K.) 


70^31'  19*8. 
90    o    o 

19  a8  41  K. 
a3    *  54  S. 


3  34  13  8- 

Bx.  13.    Zen.  Diet.  o.    The  DeoL  N.  or  B. 
TVaealt  90°  o'  o*' 


Her.  aen.  dist 
DeoUnattoa 

ZatUuth 


000 
10    a  53  N.  (or  8.) 

10    a  53  N.  (or  8.) 


In  eaeh  of  tiie  following  examples  fhe  latitude  ie  required  :- 


I. 

a. 
3- 
4- 
5- 
6. 

7- 
8. 

9- 
10. 
II. 
la. 
«3- 
«4- 
15. 
16. 


dtildate. 

1887,  Jan.  loth, 
„     Feb.  ist» 

„     AprU  a8th, 
„     Hay  and, 
„     June  iitii» 
„     8ept  a3rd, 
„     Oot.  a3rd, 
yy     Not.  I5th9 
,)     Hafoh  aoth) 
„     ApAT^, 
„     8ept  a3rd, 
„     Not.  3rd, 
„     8ept  a3rd, 
,,     Ml.  lath, 
„     ICareh  aist^ 

1888,  Jan.  ist, 


Longitade. 
49*^51' W. 
39  51  E. 

165  a3  W. 
3a  3  B. 
6a  57  E. 

166  30  E. 
90  la  W. 
80  II  B. 

178  30  W. 
139  45  W. 
"3  45  B. 
106    o  £• 

173  58  B. 
8  la  W. 
77  45  B. 
ia5  3a  B. 


Obe.ilt. 

68^39' 

7»  43 

VJm  8a  51 

u.L.  46  18 

L.L.  4a  a4 

41  36 

5440 

67  43 

61  49 

^  ss 

8340 

70  a9 

71  19 
«9  55 

7658 
U.L.  54  57 


■un'st-t. 
•40'N. 
50  8. 
10  N. 

08. 
45  N. 
10  8. 
40  8. 

o  8. 
30  8. 
50  & 
30  8. 
45  N. 
ao  8. 
ao  8. 
15  N. 
ao  8. 


Xndttcoorr. 

+  i4» 
+  4  »o 

Bye. 
13  ft. 

'3 
18 

0 

ao 

+  ^15 

ai 

—  4  41 

—  0  49 
+  i3« 

'7 
18 

«5 

—  3  «7 
+  5  10 

0 

«5 
la 
18 

+  iaa 
+  3  40 

'9 
18 

—  I  10 

«9 

^a  ao 

ai 

+  a  10 

aa 
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ON     AMPmTUDES, 


X56-  The  Correction  or  Brror  of  CompasB  is  fotmd  by  oom- 
paring  the  bearing  of  the  son  or  other  celestial  body,  as  shown  by  the  compass, 
with  the  true  bearing,  as  found  by  calculation. 

The  rMQlt  as  deduced  above  ia  generally  called  tlie  variatioo,  but  the  effiBota  of  the  iron 
in  the  ship  modify  the  bearing  by  compaas.  Every  error  determined  on  board  ship  is 
compounded  of  variation  proper  and  deviation,  and  if  the  entire  oorreetlon  neoeiaary  to  be 
applied  to  every  bearing  taken,  and  oonrse  ateered,  bat  will  vary  with  the  poaition  of  the 
■hip's  head  and  heel  of  the  ship.  If  the  iron  of  the  vessel  exercise  no  inflaence  on  the 
compass,  the  resnlt  obtained  is  only  variation,  and  onght  to  agree  with  that  registered  on 
the  chart. 

X57.  The  True  Amplitude  is  the  bearing  of  a  celestial  body  at 
rising  or  setting  (•'.«.,  when  its  centre  is  on  the  rational  horizon),  from  the 
true  East  or  West  point,  found  by  calculation,  from  the  latitude  of  the  place 
and  declination  of  the  body,  or  taken  by  inspection  from  a  table,  of  which 
these  quantities  are  the  arguments  (Table  XLTT,  Nobis,  or  LTX,  Rafeb). 

X58.  The  Observed  Amplitude  is  the  bearing  of  a  celestial  body 
at  rising  or  setting  from  the  compass  East  or  West  points,  found  by  direct 
observation  with  an  instrument  fitted  with  a  magnetic  needle,  as  the  Azimuth 
Compass. 

The  magnetic  amplitude  ia  diatingniahed  aa  observed  oi  apparent,  and  eorreeted.  The 
obeerved  or  apparent  magnetic  amplitude  of  a  celeatial  hody  is  its  bearing  from  the  compaaa 
Eaat  or  Weat  point,  when  it  appean  in  the  aea-horiaon  of  an  obaenrer  standing  on  the  deck 
of  a  ship.  The  corrected  magnetic  amplitude  is  the  bearing  of  the  body  from  the  compasa 
Eaat  or  West  point,  when  on  the  rational  horison,  aa  it  would  appear  to  a  spectator  at  the 
centre  of  the  sphere  through  an  uniform  medium.  The  diurnal  circles  of  the  celestial  bodies 
being,  except  at  the  equator,  inclined  to  the  horizon,  and  more  and  more  the  higher  the 
latitude,  any  cause  which  affects  the  time  of  rising  will  affect  the  apparent  amplitude,  and 
in  a  greater  degree  aa  the  latitude  inoreasea.  The  following  are  the  causes : — i .  The  eleva- 
tion of  the  obaeryer  depresses  the  sea  horiaon,  whUe  it  doea  not  affect  the  place  of  the 
celeatial  body  whence  by  reaaon  of  the  dip  the  body  appears  to  rise  before  it  is  truly  on  the 
sensible  horizon,  a.  The  great  refraction  at  the  horiaon  causes  the  body  to  appear  to  rise 
considerably  before  it  comes  to  the  seasible  horiaon.  3.  When  a  body  is  in  the  sensible 
horiaon,  to  an  eye  at  the  centre  of  the  sphere  it  has  already  passed  the  rational  horiaon. 
Thia  bdng  the  effect  of  parallax^  ia  only  of  importance  in  the  case  of  the  moon.  These  cor- 
rectiona  will  be  found  in  Table  59  A,  Bapbb. 

EULB  LXV. 

I^  With  th$  ship  date  and  longitude  in  time,  find  the  Greenwich  date  (see 
BuleLYm,  page  179). 

The  time  of  sunrise  and  sunset  is  generally  given  in  apparent  time. 

2^  Take  out  of  Nautical  Almanac,  page  I,  the  eun^s  deelinatum  and  oorreet 
it  for  this  date  (see  Bule  LIX|  page  183). 
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3^  Take  from  the  Tahle  the  log.  eine  of  deeltnation,  and  hg.  tecani  of  latitude 
f  refecting  10  from  the  index):  the  eum  of  these  is  log.  sine  of  true  amplitude,  which 
take  out  of  Tables.    (Table  XXV,  Nobds,  or  LXYin,  Bapsr). 

4^  To  name  the  True  Amplitude*— ^^Ad  body  is  rising,  or  iuic., 
mark  true  amplitude  East ;  if  it  is  setting,  or  f.ic.,  ma^k  it  West ;  mark  it  also 
North  when  deeUnation  is  North,  or  South  when  declination  is  South. 

The  time  of  snn  rising  ia  always  A.M.,  and  of  son  setting  p.k. 

(a)  When  the  deeUnation  is  o,  the  true  amplitude  iso;  that  is,  it  is  East  if 
the  i^ect  is  rising,  West  if  it  is  setting. 

(b)  When  the  latitude  is  o,  the  true  amplitude  is  of  the  same  amouni  as  the 
deelinaiion. 

s"*'  Correction  or  Brror  of  the  Compass  for  the  Position  of 
Ship's  Bead. — Under  the  true  amplitude  write  the  observed  amplitude;  then — 

(a)  If  both  amplitudes  are  North  or  both  South,  take  their  difEerenoe. 

(b)  When  one  is  North  and  the  other  South,  take  their  sum. 

(0)  Jf  one  is  reckoned  from  East  and  the  other  from  West,  take  the  True 
Amplitude  from  180%  and  change  the  name  from  East  to  West,  or  from  West 
to  East;  the  name  as  to  North  or  South  remains  unaltered;  then  take  their 
difference. 

The  sum  or  difference  fas  the  case  may  bej  is  the  entire  correction,  or  error 
of  the  compass. 

Kon.— The  obserred  amplitude  most  be  fedkoned  from  East  or  West  towards  the  North 
or  South,  and  then  expressed  in  degrees  and  minntes  before  it  is  plaoed  underneath  the 
true.  Hius,  the  observed  amplitude  S.E.  by  E.  (  E.  is  E.  i\  points  S.,  or  E.  28°  7'  30*  S. 
Obienred  amplitude  East  or  West  =:  o<>  o' ;  while  if  obserred  amplitude  is  North  or  South, 
it  will  be  expressed  as  E.  (or  W.)  90*  N.  (or  S.),  as  the  case  may  be.  Again,  should  the 
bearing  by  oompass  be  from  N.  towards  W.,  or  from  8.  towards  W.,  when  true  amplitude 
is  E.  and  N.,  or  E.  and  S.,  add  90^  to  the  number  of  degrees  W.  of  N.  or  8. ;  thus,  8.  by  W. 
would  be  E.  loi*  15'  S^  and  N.  |  W.  will  be  E.  98<»  26'  N.  Also,  should  the  bearing  by 
eompass  be  itom  N.  towards  E.,  or  from  8.  towards  E.,  when  true  amplitude  is  W.  and  N« 
or  W.  and  8.,  add  96"  to  the  number  of  degrees  East  of  N.  or  8. ;  thus,  S.8.E.  will  be 
W.  ii2»  3or  8.,  and  N.  t  E.  will  be  W.  9a®  45'  N. 

6^  To  name  the  Brror  of  Compass.— j?i^  correction  is  named  East 
when  the  true  amplitude  is  to  the  right  of  observed  amplitude;  West  when  true 
is  to  the  left  of  magnetic :  the  observer  being  supposed  looking  from  the 
CBRTBS  of  the  compass  in  the  direction  of  the  observed  amplitude. 
NoTB.-— The  learner  will  find  it  very  useful  to  draw  a  figure,  thus : — 
liake  a  rough  sketch  of  the  compass  by  drawing  two  lines  crossing  at  right-angles,  the 
ends  of  which  will  represent  the  four  cardinal  points,  which  mark  N.,  8.,  E.,  W.,  (see  Fig., 
Ex.  i) ;  then  to  name  the  error  of  the  compass  proceed  as  follows : — Oonsider  the  cardinal 
point  from  which  the  amplitude  is  reckoned  as  the  origin,  and  draw  two  straight  lines  from 
the  centre  to  represent  the  true  and  magnetic  amplitudes,  and  mark  their  extremities  T  and 
M  respeotiyelj— taking  care  to  place  the  line  T  further  from  the  origin  if  the  true  be  greater 
than  the  observed  (or  magnetic)  amplitude,  but  nearer  the  origin  if  the  true  is  less.  The 
arc  between  M  and  T  is  the  error  which  will  be  East  when  T  is  to  the  right  of  M,  but  West 
if  to  the  left.  It  is  easily  seen  whether  the  error  of  the  compass  is  the  sum  or  difference  of 
TaadM. 
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f.  To  find  tbe  JteyiAtionm— Under  ih$  error  rf  tU  em/me  phc$  (he 
vmitUum:  tten — 

(a)  ^  they  are  of  like  namet,  i.e.,  are  both  East  or  both  Wesi^  Mb  tMr 
iiferenee. 

(b)  But  if  ihey  have  unlike  names,  i.e.,  if  one  it  Bast  and  the  other  i$  West, 
tahe  the  snm. 

The  sum  or  difference  foe  the  eaee  mojf  hej  ie  the  deviation. 

(c)  If  the  variation  m  o,  the  enor  of  ike  eompaee  tt  oho  the  deviatioii. 

(d)  If  the  error  of  the  oompaei  ie  o,  the  deviation  ieof  the  same  amount  ae 
the  variation. 

8^  To  name  tbe  Jteyls^Xionm—The  deylatlon  ie  qf  the  same 
name  ae  the  errory  uklxss  the  error  lias  been  subtracted  itom  the 
Tariation,  in  whieh  eaee  the  dOTiation  ie  of  a  contrary  name  to  the 
error,  i.e.,  the  deviation  ie  B.  tchen  the  error  w  W.,  hU  W.  when 
error  mB. 

AhOf  when  the  error  ie  o,  the  deviation  f>  of  opposite  name  to 
variation ;  tohen  variation  ie  o,  the  deviation  ie  o/same  nam«  ne 
errors  thus— 

Error  14*  lo'W,     Error  14*  lo'W.     Error  14*  lo'W.     Error  o*  o'W.     Enqr  14**  lo'W. 
Vm.      a  »5B.       Var.     a  asW.     Var.    la  a5W.     Var.  ai  a5W.     Var.     b    o 

Dev.   1635W.     Dot.    h  45W.     Dev.     S  15E.      Dev.  aa  a|B.      Day.  14  iqW. 

g"".  Otherwise  the  observer  most  suppose  himself  in  the  eentre  of  the 
compass,  looking  in  the  direction  of  the  variation,— then  the  deviation  is  Bast 
when  the  error  of  compass  m  to  the  right  of  the  variation ;  West  tchen  the  error 
of  compass  ie  to  theleA  of  th^  variation— io^A  the  error  of  the  eompaee  and  the 
variation  being  reebonsdfirom  the  VorOi  jmnt  of  the  oompaee. 

Nora.— It  will  1)6  conyenient  for  begianers  to  draw  a  igwe  for  the  deyiaticn,  ttas  :^ 
(8o«  Fig.  50*  Bx.  I). 

Hakt  a  rough  sketoh  of  tlie  ooapaai;  tha  upper  pari  of  the  yuiioal  Una  tiaiag  taksn  te 
teprwant  tha  origin,  wbibh  nark  N.,  aad  mark  tha  axtremitiaa  of  tha  b^sDotal  Uqo  W' 
and  E.  Mapectivalj*  Then  from  the  oantre  of  the  oompav  draw  two  lines  to  r^eaent  tha 
error  of  oompasa  aad  the  variation,  calling  them  E  and  V  respectively.  The  line  E  mnst 
be  drawn  to  the  right  of  N.  if  the  error  of  oompaaa  ia  E.,  but  to  the  I«ft  of  N.  if  the  emr 
be  W.;  similarly,  the  line  Y  mvst  be  to  the  rig^t  of  N.  when  the  variation  ia  S^  bwl  to 
the  left  of  M.  if  the  variation  ia  W.  Take  care  to  draw  £  farther  froni  V.  than  V  if  ths 
error  of  oompaaa  ia  greater  than  the  variation,  bat  nearer  to  N.  if  the  enror  is  the  lass.  Thf 
deviation  is  the  distance  from  Y  to  B^  aad  is  Eaat  when  E  is  to  the  right  of  Y,  but  West 
when  E  is  to  the  left  of  Y.  It  is  eaaily  seen  whether  the  deviation  is  the  snm  or  difiBcenee 
of  E  and  Y. 

Nora.— In  the  following  examples  the  seconds  of  declination  are  rejected.  When  the 
seconds  are  30,  or  above,  i  is  added  tQ  the  minutes ;  but  when  the7  are  below  30  nothing 
is  added  to  the  miautes, 


Digiti: 


zed  by  Google 


f/W  JM,tl9jN§9ww0m9 


20t 


Etampt.tm. 
Ex.  I.     1887,  January  6th,  at  4^  44™  27*  am.,  apparent  time  at  ship,  lat.  37^  59'  S.,  long. 
36^  24'  W^  the  sun's  bearing  by  oompass  was  8.E.  by  E.  (  £. :  required  the  true  amplitude 
and  error  of  compass ;  and  supposing  the  variation  to  be  3®  40'  E.,  required  the  de?iatioii 
for  the  position  of  the  ship's  head  at  the  time  of  obervdtion. 

Ship  date  (A.T.)  Jan.    5*  i6«>44»27«  Or  thus,  Var.  in  i^. 

<       Long,  in  time  +    >  '5  3^  Jan.  6th,  noon    1 8'*o6 

Green,  date  (A.T.)  Jan.  5  19  10    3 


Time  from  noon,  Jan.  6tb,    4  5o  =  4>>-83 

O's  Ded.,  page  1,  N.A. 
Jan.  6th,  noon,  ii*  30'  8"  8.,  d^cr. 


jom  I  Jh 


9030 
—  3*01 


H.  difl*.,  noon,  Jan.  6th 
Time  from  noon,  4>»  5o« 


Cofteetion 

Decl.,  Jan.  6tb,  noon 


—  i8'-o6 
X     483 

54'8 
14448 
7324 

6,0)8,7-2298 

+     "  a7'3 

22  30    8  a  (— ) 


6,0      8,7-29 
I  273 


Bed.  ded. 
Dec!        aa*  3a' 
37  59 


Lat. 


aa  31  35  8. 

Mno       9*583449 
secant  0-103369 

sine 


The  declination  is  here  taken  for  the  nearest  noon, 
Tic,  the  6cb,  and  since  the  Careen,  time  wants  only 
4»»  5o«  of  being  noon  of  6th  (24^  c^  —  19k  ic"»  = 
4^  5o"),  multiply  the  hourly  diff.  by  this  quantity, 
and  apply  the  resulting  correction  the  opposite  waj, 
since  tne  declination  is  decreasing  iha  dedination 
at  4^  50B  before  noon  will  be  more  wan  it  is  at  noon, 
hence  we  add  the  correction.  Or,  multiply  by  5^, 
then  sinoe  5*>  is  lo*  in  excess  of  4^  50",  deducting 
i-Sth  of  H.D.  from  ihe  product  aboye,  the  result 
is  the  correction  of  declination. 


Fig.49. 


9-686818 

(A.if.  and  8.  deol.)  True  amp.  £.  29^  5I'  8. )     a^, 
(8.E.  hy  E.  i  E.)   Obs.  amp.  E.  28    7I  8.  |  name, 

(=  E.  a}  pts.  8.)  )  d^fere 


iJupUtudes  same 
ne,  take  their 
Wenoe, 

Error  cf  compass  o  58  E.,  beoause  trtse 
amplitude  is  to  the  riffht  of  magnetic  amplitude. 

ToJInd  the  Devtation, 

Error  of  oompass         0^58' E.        Error  and  var.   same 
Yarimtion  by  chart      3  40  E.    name,  take  the  difftrenee. 


Fig.  50.       N  s 


r 


Deviation  a  4a  W.,  because 

the  error  of  oompass  is  to  the  Irft  of  the  variation.  W.  — 

Otherwise :— By  8^  of  Rule,  the  error  being  subtracted  from  the  variation,  the  deviation  if 
of  the  opposite  name  to  the  error,  i.«.,  the  error  being  E.,  the  deviation  is  named  W'. 

Make  a  rough  sketch  of  the  oompass  as  in  Fig.  49  in  the  above  example.  ,  In  this  example 
the  magnetic  amplitude  is  reckoned  from  E.  towards  S.  (8.E.  by  E.  ^  E.  =  £.  a|  pts.  S.  =± 
E.  aS**  7^'  8.)  To  represent  this,  draw  a  line  from  the  centre  of  the  compass  to  a  point  M, 
somewhere  between  E.  and  8.  Again,  the  true  amplitude  is  reckoned  from  E.  towards  8. 
To  represent  this,  draw  a  line  from  the  centre  of  the  compass  to  point  T,  further  from  B 
than  M  is  from  E,  because  the  true  amplitude  is  greater  than  the  magnetic  amplitude. 
Then  it  is  evident  that  the  line  T,  or  the  true  amplitude,  is  to  the  right  of  the  line  M,  or  the 
magnetic  amplitude.    Hence,  by  Bule,  6%  the  error  of  the  o:>mpa8s  is  East. 

Again,  to  name  the  deviation : — Draw  a  figure  (see  Fig.  50  above)  and  mark  the  end  of 
the  vertical  line  N,  to  represent  the  true  meridian  (or  true  K.  point),  and  the  extremitiea 
of  the  horizontal  line  W  and  E  respectively,  to  represent  West  and  East.  Next,  from  the 
eentre  of  the  oompass  draw  a  line  E  (see  Fig.  50)  to  the  right  of  North,  to  represent  the 
Error  of  the  Compass,  which  is  E. ;  and  since  the  variation  is  also  East,  draw  another  line 
T  to  the  right  of  North,  but  further  from  N  than  E  is,  because  the  variation  is  greater  than 
the  ttror .    (See  Fig.  50.)    It  u  evident  that  the  deviation  it  the  angle  included  between  B 
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and  y,  and  is  West  becanse  E,  the  error,  is  to  the  left  of  V,  Jthe  yariation  (Rale,  7"  and  9*)« 
It  is  evident  too  that  in  this  instance  the  deviatioa  is  the  difference  of  E  and  Y. 

Ex.  a.  1887,  February  16th,  at  ^^  58^  p.m.,  apparent  time  at  ship,  latitude  51**  9'  H., 
longitude  15°  W.,  sun's  observed  amplitude  W.  ^  N.:  required  the  trae  amplitude  and 
error  of  the  compass ;  and  supposingp  the  variation  io  be  30''  30'  W. :  required  the  devialioa 
for  the  position  of  the  ship's  head  at  the  time  of  observation. 


Ship  date  (A.T.)  Feb. 
Long.  IS*'  o*  W. 


i6*  4^58- 


Green,  date  (A.T.)  Feb.    16    5  58 

or,       5»»-97 
Var.  i^  =:  52' 02 

6»» 


Sun's  dec!.,  page  I,  N.A.,  Feb.  i6th»  nooM» 
i2<»  19'  49'  S.,  dicr. 

H.  diff.,  Doon,  Feb.  16th  —  52»*oa 
5'97 

36414 
46818 
a6oio 


6,0 

COTTr 


313*12  ^  Oorr.  for  6^ 
— 1"73=        »  a" 


M3W594 
5  1056 


Peelinatien  la^  15' 
Latitude       51    9 


sine    9*326700 
•eoant  0*202536 

sine     9*529336 


Correction  —    5  ir 

Decl.,  noon,  Feb.  16th,    12  19  49  8.  deer. 

Bed.  deol. 

Fig.  51 


a  V.      F%.  5a. 


(p.v.  and  S.  deol.)  True  amp.  W.  i9<'46'  S.  AmpUlndes  dif- 
(W.  i  pt  K.)         Mag.  amp.  W.    a  49  K.   ffrent  aavieB,  taka 

the  turn. 

Error  of  compass  22  35  W.,  the  trm 

amplitude  being  to  the  Uft  of  fnagnetie. 

To  Jkid  the  Dtfrisf ton. 

Error  of  compass        22^35' W.        Error  and  var.  iame 
Variation  30  30  W.    name,  lake  the  ij^SwwMtf. 

Deviation    .         7  $$  E.,  because  the 
error  is  to  the  right  of  the  variation. 

Otherwise:— Error  being  mbirofiiid  from  variation,  the  deviation  Is  of  cvw/mry  nvae  to 
the  error,  #'.«.,  deviation  is  E. 

Ex.  3.  1887,  April  13th,  at  s^  4V^  ao>  a.k.,  apparent  time  «t  ship,  kititaie  ao<*  a'  K., 
longitude  107**  56'  E.,  sun's  bearing  by  compass  E.  ^  N.,  variation  i*  40'  B. 


Ship  date  (A.T.)  April 
Long.  107''  56'  E. 


12*  i7»»47»2o« 
—    7  "  44 


Gieen.  date  (A.T.)  April  la^  10  35  36 


or,  ioi**6 

tfne     9*i86s8o 

secant  0*027 106 


H.  diff.,  April  12th,  noon  +  54''7S 
Time  jMtt  neoa  10^  36*  =       ie'6 

32832 
547  » 


Dedlination    V*s^' 
Tiitifiide      90    a 


M58»oo3» 


Correction 
Ded.,  lath,  noon 


sine     9*213386 

(▲.M. and K. deol.)  True  amp.  E. 9«24'K. )  is E 

(E.  i  pt  N.)  Mag.  amp.  E.  a  49  N.  i  |11       Bed.  deol. 

Error  of  compass  6  35  W.,  the  true 

amplitude  being  to  the  2eA  of  magn$tU, 


Bi.» 
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EiTor  of  oodipias    6'*'35  W. )     Different  names,  x  n.t      Fig.  54. 

Yamtioa  i  40  B.  )  take  the  sum,  \   '•  j 

Beviation  8  15  W^  b^feaaee  the  \ 

error  is  to  the  left  of  the  variation  ;  or  the  -^ 1^ 2. 

deviation  is  of  Uie  «aiM  name  As  the  error 
of  oompass. 

Ex.  4*  1(87,  Sept.  23rd,  at  6^  o™  a.m.,  apparent  time  at  ship,  latitude  24**  40'  8.,  longi- 
tude 45^  31'  W.,  san's  magoetio  amplitude  W.  2^  50'  N.,  variation  7®  40'  £. 

Ship  date,  Sept.  ^^^l%^  o«  o*  H.  diff.,  noon,  Sept,  23rd  —  58**49 

Long.  45*  31' W.,  in  time -{-    324  2*96>» 

QreftD.  date^  Sept.  2221    2    4  ^>o)  17,3- 1304 

lime  d^ori  Sept.  23rd  258  Oorrection  — -    253 

Deol.,  23rd,nooh   o    2  53  8.,«Mr. 
The  ded.  being  o-  the  true  amplitude  is  o%  or  » 

yff,  cT  o',  whenoe  uie  error  of  compaiis  is  2*  50'  W.,  Bed.  decl.  000 

because  the  tru$  amplitude  iatoU/tof  magnetic. 

To  Jind  tAd  Dwiation, 

Error  of  oompass       2"  50'  W.  \  Error  and  variation  of  difiroiU 
Variation  7  40  l^.  j  names,  take  their  $um. 

BeviaiioCi  10  ^0  W.,  b^doause  th6  error  of  cotapass 

is  to  the  i!^i(  of  variation. 

Ex.  5.  1887,  December  9th,  at  1^  i7»  A.te.,  apparent  time  at  ship,  latitude  54°  35'  N^ 
longitude  53*  15'  W.,  son's  magnetic  amplitudlS  S.E.  \  E.,  variation  liSf^  20'  W.,  ship's  head 
8.E.  \  £. 

Ship  data  (A.T.y,  Dee.        %^^(^rj^  o*  Deol.  at  nooB,  Dec  9th.  22<»  49'  46'  S. 

Long,  in  time  -|~    3  33    ®  ^^®  Qreen.  date  being  noon,  Dec.  9th9 

T   '  one  of  the  instaats  for  which  the  decl.  is 

Green,  date,  Bso.  8  24    o    o  put  down  in  the  Almanacy  nothing  more 

■  is  necessary  th  tn  to  transcribe  the  quan- 

or,  Deo.  9000  tity  as  there  put  down. 

Declination    22^50'  sine     9*588890 

Latitude         54  35  secant  0*236933 

sine     9*825823 

(A.M.  and  S.  deol.)  True  amp.  E.  42'  2'  6.  \  8aiti$  name,  take 
(B.  3i  pts.  S.)        Mag.  amp.  E.  39  22^  S.  /  their  diff(tronc9. 

Error  of  oompass    2  39^  E.,  the  true  amplitude  being  to 
Variation  36  20  W.,  the  right  of  magnetic. 

Deviation        38  59^  £.,  because  the 
error  is  to  the  right  of  variation. 

Ex.  6.  1887,  Jaly  ist,  at  %^  36»  p.m.,  apparent  time  at  ship,  latitude  56®  4'  N.,  longitude 
64^  50'  W.,  sun's  setting  amplitude  North,  yariation  30°  o'  W. 

Ship  date  (A.T.),  July  i<*   8>>  36»  o>  Decl.,  page  I,  N.A.,  July  ist,  at  noon. 

Long,  in  time  +    4  19  20  23°  7'  36'*6  N.,  deer.\   var.  i»>=  9''-98; 


then  9'*98   X   i»*>;^2  =1    i28"94i6,  or 
Ghreen.  date,  Jttly  i  12  55  20  2'  8**9,  the  correction,  which  subiradta 

'  from  deol.  at  noon,  23*  7'  37*  N.,  giyes 

or,      i2h-9i  Bed.  decl.  23^^  5'  28'  N. 

Declination    23°  $¥        *i^o     9*5935" 
Latitude         56    4  secant  0*253188 

>  , 

44  38  sine     9*846699  .    . 
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(p.M.  and  N.  decl.)  Trae  amp.  W.  44*  38'  N. 

Obs.  amp.  W.  90    o  N.  (8  pts.  =  90«) 

Error  of  compass         45  22  W.,  because  the  amplitude  is  to  the 
Variation  30    o  W.        left  of  obserred  bearing. 

DeWation         15  22  W.,  because  error  is  2^/^  of  yari^tion 

Ex.  7.  1887,  <'^tuie  i9tb,  at  9^  40"  p.k.»  apparent  time  at  ship,  lat  62*  31'  N.,  long. 
30^  24'  W.|  sun's  setting  amplitude  N.N.E. ;  and  supposing  the  variation  of  the  compass  is 
57^  50'  W.,  required  the  deviation  for  the  position  of  the  ship's  head  at  the  time  the 
observation  was  taken. 

Ship  date  (A.T.)  June  19**  9»'4o«  o«  H.  diflF.,  19th  2*35 

Long.  (30*  24'  W.)  in  time    +    2     i  36  T.  from  noon  X  "'7 

Qreen.  date  (A.T.)  June  19th     11  41  36  Gorr.  of  decL  27*495 

iib*^  Bed.,  June  19th,  noon  23^26'   2'K.iiMr. 

Oorr.    +        *7 

Declination    2 3°  26 J'     sine     9*599681  

Latitude        62  31        aeoant  0*335837  Bed.  ded.        23  26  29  N. 

sine     9*935518 

(p.M.  and  N.  ded.)    True  amplitude  W.   59''33'  N. 

180    o 


£.  120  27  N. 
(E.  6  pis.  N.)    Mag.  amplitude  E.   67  30  K.  =  N.N.E. 

Error  of  oompaas  52  57  W.,  beoausa  true  amplitude  is  to  the 

Variation  57  50  W.       left  of  mag.  amplitude. 

Deviation  4  53  E.,  because  error  is  to  the  ri^ht  of 

Or,  the  error  of  compass  being  subtracted  from  the  variation,  the  deviation  is  of  the  same 
name  as  the  error. 

Otherwise  i^Having  found  the  true  amplitude,  which  is  reckoned  from  W.  to  N.,  we 
may  add  90*  to  the  number  of  degrees  the  observed  bearing  is  East  of  North,  whence  we 
have  the  observed  amplitude  (22*'  30'  -{-  90)  r=  W.  ii2<^  30'  N. 

(P.M.  and  N.  ded.)    True  amplitude  W.    59**33'N. 

(W.  II  pts.  N.)         Mag.  ampUtude  W.  1 12  30  N.  =  N.N.E. 

Error  of  compass        52  57  W.,  because  true  amplitude  is  to 
Variation  57  50  W.        the  le/t  of  mag.  amp. 

Deviation  4  53  E. 

The  true  and  observed  amplitudes  must  both  be  reckoned  yrom  the  same  point  of  the  com- 
pass, E.  or  W.,  but  in  this  instance  one  is  reckoned  from  W.  and  the  other  from  E. ;  there- 
fore, by  taking  either  of  them  from  1 8o%  they  would  both  be  reckoned  from  the  same  point 
—the  true  amplitude,  in  this  example,  is  taken  from  180**,  and  it  is  then  reckoned  from  E. 
instead  of  W.  Next  take  the  di£ference  of  the  amplitudes,  as  they  are  both  marked  N.; 
and  since  the  true  amplitude  is  to  the  left  of  the  magnetic — looking  from  the  centre  of  the 
oompass  in  the  direction  of  the  magnetic^the  error  of  compass  is  W.  The  error  of  com- 
pass and  variation  being  of  the  same  name,  take  their  difference  for  the  deviation,  which 
mark  E.,  because  the  error  of  the  compass  is  to  the  right  of  variation,  looking  from  the 
centre  oif  the  compass  in  the  direbti<tn  of  the  Variation. 
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EXAKFLBS    POB  P&AOnCB. 

In  each  of  the  following  examples  the  Error  of  Oompass  and  Deviation 
are  required  for  the  position  of  the  ship's  head  at  the  time  of  observation. 


'  No. 


CiTil  Date. 


1887. 

I  Jan.  27111... 

Feb.  17th... 

March  a9th. 

April  fth . . . 

Not.  7th  .. . 

Jane  and... 
'  July  14th... 

Aogp.  TSt    ... 

Sept.  8th  ... 
Oct.  31st  ... 
'  Sept.  a  3rd  . 
Aug.  18th  . 
March  aoth. 
Sept.  a3rd  . 
Jane  9th  . .  • 

16  i  Feb. 36th... 

17  '  Jane  i8th    . 

18  Mar.  6th... 

19  April  loth   • 

20  Deo.  14th... 


I 
2 
3 
4 
5 
6 

7 
8 

9 
10 
II 
la 
«3 
'4 
'5 


App.  Time. 


h  m 

655 
6  48 

6  «S 

5  «5 
8     8 

6  50 

4  I 

5  47 
4  40 

6  o 

7  ai 
6  o 
6    o 

6  o 

7  49 
I  47 
6  14 

6  45 
4  35 


s 

40  A.M. 

O  P.M. 

O  A.V. 

O  P.M. 

O  A.M. 

3  P.M. 
58  A.M. 

O  A.M. 

O  A.M. 
50  A.M. 

O  A.M. 
48  P.M. 

OP.M. 

O  A.M. 

O  A.M 

O  A.M. 

O  A.M. 

O  P.M. 

O  P.M. 

O  A.M. 


Latitude, 


:.  t 


35  4»  N. 
34  57  N. 
»5  50  »• 
20  20  S. 
27  41  8. 
5>  30  N. 
38  59  S. 
59  10  N. 

34   22  N. 

54  14  8. 
56  4'  8. 

59  59  8. 

55  »oN. 

60  1  S. 
o    o 

62  5N. 
6354N. 
31  24  8. 
53  58  N. 
42    o  S. 


I 
Longitude.  ,    Sun's  Obs.  Amp. 


12  52  W.' 

40  8  B. 
'»7  35  W- 
155  30  E; 

70    2  W. 

27  6W. 
Ill  II  W. 

178  14  W. 
57  30  W.' 

175  15  E. 

179  42  E.  I 
160  45  B. 

62  46  W.. 

45  3»  W. 

10  21  W. 

12  52  w. 
174  20  w. 
2  10  E. 
178  33  E. 

74  56  B.  . 


S.E.byS 

S.\V.by  W 

B.o.Ili.   ..••.••• 
W.  6'40'N.    .. 

E.  JN 

N.N.W.  J  W. .. 

N.E.iN 

N.  1^30'W 

East 

8.  81°  20'  B 

E.}8 

North    

Weit 

East   

E.JN 

S.S.E 

N.byW.iW... 
W.  i6-52^N.  .. 

W.fS 

Sonth    


Yariation. 


2^  50  w. 

7  40  E. 
2340W. 

6  40  E. 
13  50  E. 
37  30  W. 
II  40 E. 
19  40 E. 

o    o 
28  50  E. 
II     oE. 
36  50  W. 

15  oE. 
21  50  W. 
10  15  W. 
35  45  W. 
25  oE. 
17  50  W. 

16  loE. 
19  20  W. 


ON  FINDING  THE  TIME  OP  HIGH  WATER. 


"BY  THE  ADMIEAiTY  TIDE  TABLES." 

lS9a  These  Tide  Tables,  published  annually,  give  the  ttme  (a.m.  and 
P.M.)  of  high  wt^er^  and  the  height  far  every  dag  in  the  gear^  at  the  following 
plaoes,  viz. : — Brest,  Devonport,  Portsmouth,  Dover,  Sheerness,  London, 
Harwich,  Hull,  Sunderland,  North  Shields,  Leith,  Thurso,  Greenock,  Liver- 
pooI|  Pembroke,  Weston- super-mare,  Holjhead,  Elingston,  Belfast,  London- 
derry, Sligo  Bay,  Galway,  Queenstown,  and  Waterford. 

160.  To  And  the  times  of  high  water  £rom  the  Tide  Tables 
if  the  place  is  one  of  the  Standard  Ports,  proceed  by 

ETTLE  LXVI. 

2Wni  to  the  month  in  the  Tide  Tables  and  find  the  given  place;  then  opposite 
the  given  date  will  stand  the  morning  (a.]c.)  and  afternoon  (f.ic.)  times  of  high 
water  required, 

KoTB.^-When  the  mark  ^  occurs  it  showi  that  there  is  but  one  tide  daring  that  day;  no 
high  water,  therefore,  takes  place  in  the  morning  or  afternoon  in  which  the  mark  appears. 

Thus,  wishing  to  know  the  time  of  high  water  at  North  Shields  on  the  ist  of  February, 
i8S5»on  turning  to  February  under  the  head  of  North  Shields  (see  page  1 3),  it  is  seen  at  a 
glance  that  high  water  takes  place  at  4^  20">  a.v.,  and  that  the  height  of  tide  is  14  ft  a  in. 
tffow  ike  mem  low  water  level  0/ spring  tides,  and  that  the  time  of  high  water  on  the  afternoon 
of  nme  day  is  4^  45'",  while  the  height  of  tide  above  the  low  water  level  of  spring  tides  is 
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14  ft.  2  in.  Similarly,  desiring:  to  Kaow  the  partionlart  6f  Ake  tide  at  Brest  on  the  morning 
of  April  loth,  1885  (see  page  26),  the  mark  —  shows  that  no  tide  occurs  on  the  morning  of 
that  day;  there  will  be  a  high  water  at  ii»»  41™  p.m.  on  the  9th,  and  again  at  o^*  i8«  p.m. 
{ue,f  i8»  past  noon  of  the  lolh  April,  bat  none  in  the  interval. 

Again,  if  it  be  required  to  know  the  limes  of  high  water  on  May  ist,  1885,  at  Weston- 
super-mare— on  turning  to  May,  and  under  Weston -super-mare  (see  page  39),  and  opposite 
the  ist  wo  find  that  the  times  of  high  water  are  8>>  on  a.m.,  and  Z^  16*  p.m.  respectiyely. 

16X.  If  the  place  at  which  the  time  of  high  water  is  required  be  not  a 
Standard  Port,  it  is  to  be  referred  (if  in  the  west  of  Europe)  to  a  Standard 
Forty  by  adding  or  subtracting  a  certain  constant  to  the  time  of  that 
Standard  Port,  as  directed  in  the  Tables. 

In  pages  103  to  108  of  the  Admiralty  Tables,  1885,  will  be  found  upwards 
of  two  hundred  ports  on  the  coasts  of  the  United  Kingdom,  and  ill  Europe, 
for  which  Standard  Ports  of  Reference  are  given,  and  the  time  which  is  to  be 
added  to  or  subtracted  from  the  time  of  high  water  at  such  Standard  Port. 

X62.  To  And  the  times  of  high  water  by  the  Tidal 
Constants. 

RULE  LXVn. 

1°.  8eek  in  th^  "Tide  Tahh^,^^  pag$%  104-108,  in  ih$  left-hand  column ybr 
ih»  given  place,  or  port  you  wish  the  time  of  high  water  for,  and  in  the  eoUtmii 
headed  "  Standard  Port  for  Reference,"  will  he  found  the  Standard  Port /or  tha 
given  place ;  ahojrom  the  middle  colutmi  headed  "Time,"  a^  oppolsite  the  givea 
place,  take  out  the  ''Constant,"  being  careful  to  note  whether  it  ii  additive 
(marked  +),  or  subtractive  (marked  — ). 

I*".  Take  out  of  "Admiralty  Tide  fahlesy^*  payee  1-97,  the  morning  (a.m.) 
and  afternoon  (p.m.)  times  of  high  water  at  the  "  Standard  Port  for  £tef^)re&ae," 
heif^  careful  to  annex  the  letters  a.m.  or  p.m.  to  the  tidei  so  t4(ken  out. 

(a)    If  a  blank  ( )  occurs  in  either  morning  (a.m.)  or  afternoon  (p.m.) 

column,  use  the  preceding  time  of  high  water  instead  when  the  Constant  ts 

marked  additive  {+),  but  use  the  time  of  high  water  following  the  blank  ( ) 

when  the  difference  is  marked  subtractive  ( — ). 

3^  To  the  times  of  high  water  dt  the  Standard  ToitfUst  taken  out,  apply  the 
Constant  (No.  2**),  adding  or  subtracting  said  ChnstatH  according  ae  it  is  marked 
+  or  — ;  the  result  in  each  cas&,  if  less  than  1 2**,  is  respectively  the  morning 
(AiM.)  and  afternoon  (p.m.)  times  of  high  water  required.    (See  Exs.  i  and  2). 

(a)  When  the  sum  of  the  Constant  and  the  morning  (a.m.)  time  of  high  water 
at  the  Standard  Port  exceeds  I2^  deduct  I2^  the  remainder  is  the  afternoon 
(p.m.)  time  of  high  water  at  the  given  place.  To  obtain  ihe  morning  (a.m.)  time 
of  high  water  at  the  given  place,  if  any,  add  the  Constant  to  the  preceding 
afternoon  (p.m  )  time  of  high  water  at  the  Standard  Port,  and  if  the  sum 
exceeds  I2^  deduct  I2^  the  remainder  is  the  morning  (a.m.)  tide  sought  (Ex.  3), 
but  if  the  sum  be  less  than  1 1\  it  is  the  afternoon  (p.m.)  tide  of  the  day 
before,  and  there  is  no  morning  (a.m.)  tide  that  day  at  the  giyea 
place.    (Ex.  4}. 
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(b)  Whm  He  CimiUmi  added  ie  ike  moraing  (▲.h.)  time  of  high  water  at  the 
Staadaid  Fort  m  Iasb  thail  i  z''  (i.e.y  giites  morning  (a.m.]  tide  at  given  plaee)^ 
hU  when  added  te  the  afternoon  (p.m.)  tide  at  the  Standard  Fort  ie  greater 
than  izS  there  ie  only  a  BMrning  (▲  m  )  tide  at  the  given  place  on  that 
dag.     (Ex.5). 

NoTB.-»When  the  8Dm  pf  the  Oonitant  and  the  tide  taken  from  the  Tahlee  ie  lose  than 
j^'',  it  remains  a  tide  of  i^e  tam^  nwm  as  that  twdt  but  when  the  sam  exceeds  1 1^,  the  time 
MMT 19^  will  hf»  » tide  ai  the  mamefiUetemf  that  taken  out ;  eoDsequently^  in  such  a  case  take 
from  the  Tables  the  tide  immediately  preceding  the  one  you  require. 

(0)  When  the  Constant  ie  subtractive,  and  exceeds  the  morning  (a.^.) 
time  nf  high  waior  at  the  Standard  Fort,  leject  tkie  h$t  aiid  um  the  foUomng 
afteraoon  (p.m.)  tide  at  the  Stapdard  Port  (Ex.  10).  If  the  eubtractire  Oon- 
Btant  exceeds  the  afternoon  (p.m.)  tide  at  Standard  Fort,  iz^mmt  he  adde4 
to  tki$  ket  hefore  aubtraction  ie  made,  the  remainder  WiU  he  the  morning  (▲.v.) 
tide  at  the  given plaee.  For  the  afternoon  (p.m.)  tide  use  the  following  tide  at 
Standaird  Fort,  that  is,  the  momipg  (a.h.]  time  of  high  water  next  day^ 
harrowing  la^  if  Constant  exceeds  it,  the  remainder  is  afternoon  (p.m.)  tide  at 
the  ^pven plaee  (JSx,  10). 

(d)  If  Constant  being  subtraotlye^  exceeds  the  Standard  Fort  morniog 
(a.m.)  high  water,  hut  is  less  than  the  Standard  afternoon  (p.m.)  tide,  there  is 
only  an  afternoon  (p.m.)  tide  at  the  given  place  on  that  day  (Ex.  12). 

(e)  If  when  the  Confitant  ie  subtractive,  the  Standard  Port  afternoon  (p.m.) 
tide  has  to  he  increased  12^,  hut  Constant  i<9  less  than  the  Standard  morning 
(a.m.)  tide  foUowing;  there  is  only  a  morning  (a.m.)  tide  at  the  given  place 
that  day. 

Short  Bole  for  Bhmk.r^First  apply  the  Oonetant  to  the  tide  gireoi ;  then,  if 
Gonatant  is  +  horrow  last  nightie  tide,  hut  if —  borrow  next  morning* s  tide,  being 
earefiel  to  Hse  tie  gi»en  tide  fk^.  In  either  of  the  aheve  eases  should  the  tids 
frcfve  useless,  then  write  down  no  a.m.  or  no  p.m.,  according  io  the  resuU  of  the 
given  tide, 

EXAMTXiBB. 

Ex,  I.  1885,  JmiQary  16th:  find  the  tim^s  of  high  water  at  Scarborough. 
Tuxning  to  Adminlty  Tide  Tables  for  1885,  at  page  106,  in  the  left-hand  column,  and  under  the  head  of 
'* Porta  ef  Oxtat  Britain,"  we  find  Scarborough,  and  in  the  right-hand  column,  immediately  abreast,  we  find 
that  the  Standard  Port  fjfir  JWI^noe  in  this  in«tapce  is  Si^derland,  aD4  iji  tho  ooiumn  under  Time  we  hare 
the  Constant  +  0^  49" ;  that  is,  we  have  to  add  o^  49*  to  the  time  of  nigh  water  at  Sunderland  on  any  day  in 
iaisr  t0  Pbtai^ ^tlie  oowenpeadieg  Mwb  of  iiigh  water  at  fioarlxfroe^  The  Toik  wlU  etavfl  as  lisUews  :«^ 
Fort  for  Beierenee-^^Soadexlaiid,  J#n.  <#th  3^  25"  a«m.  Jap.  i6lh  3^4»«b  v»ic 

Constant  {pr  Scarborough  -{~    °  49  4~   ^  49 

Time  of  H.W.  Scarborough,  Jan.  i6th         4  14  a.m.  Jan.  i6tii  4  31    p.m. 

Sx«  >•  s%%$,  Jeniaiy  7th :  flad  the  times  of  high  watet  a.m.  and  foe.  at  the  l^eedles 
Fein*. 

Temiag  to  the  *< Admiralty  Tide  Table"  for  1885,  at  page  xo7>  in  the  left-^hand  column,  we  And  Needles 
Pbint,  and  in  the  ifglit-hand  column,  immediately  abreast,  we  find  that  the  Standard  Port  for  Beferenoe, 
wtaieh  in  tlus  i|ist«noe  js  Portsmouth,  and  in  the  ooluaua  under  Time  we  hare  the  Oonstant  ^  i>  5$* ;  t|utt 
is,  we  hare  to  9vbirae$  i^  SS"  from  the  time  of  high  water  at  Portsmouth  on  any  day  in  order  to  obtain  the 
eoncsponding  time  of  high  water  at  Needles  Point.    The  work  will  stand  as  follows  :— 

Fort  tot  Be£»rence~Port8moutfti,  Jan.  7th    3^42"^  a. v.  Jan.  7th    4^  41^  p.ic. 

Oonstant  for  Needles  —  1  55  —  i  55 

Timoi  StW,  N^edleif  Jwi.  7a  147   AMt  |iiui.7th   a    9   p.ic, 
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It  may  be  here  remarked,  that  on  adding  a  ChmUni  to  the  time  at  the 
Standard  Port  for  Eeference,  a  morning  tide  frequently  beoomes  an  afternoon 
tide,  and  an  afternoon  tide  may  become  a  morning  tide  for  the  next  day^  in 
which  case  the  afternoon  tide  of  the  previous  day  must  be  employed  to  find 
the  morning  tide  at  the  given  port.    (See  3°  (a)  of  Rule). 

Ex.  3.    1 885,  May  9th :  find  times  of  high  water,  a.ic.  and  p.k.,  at  Cherhonrg. 

The  Standard  Fort  for  B«ferenoe  for  Cherbourg  (see  page  108,  Admiralty  Tide  Tables)  is  Brest,  and  the 
Constant  ia  +  4^  v%  that  is,  for  the  times  of  high  water  at  Cherbourg  we  must  always  add  4^  a-  to  the  times 
of  high  water  at  Brest. 

In  this  instanoe,  high  water  at  Brest,  May  9th,  occurs  at  xi^  ai"  a.m.  (<.«.,  39-*  before  noon) ;  consequently, 
4k  2">  (the  Cherbourg  Constant)  added  to  that  time  must  eridently  give  a  p.m.  tide  at  Cherbourg;  the  i.M. 
high  water  at  Cherbourg  must,  therefore,  be  sought  from  the  previous  (p.m.)  tide  at  Brest  When  the 
addUivt  oons'.ant  is  applied  to  the  preoedlng  afternoon  (p  m.)  tide  (lo^  45^),  the  9t§m  exceeds  laS  conse- 
quently the  tide  flows  past  midnight— the  excess  of  12^  being  evidently  the  morning  (a.m.)  tide  at  Oherbouxg. 
The  work  stands  as  follows  :— 

Port  for  Reference— Brest,  H.W.,  May  9th    iii^it"  a.m.  May  8th     io^45»p.v. 

OoDstant  for  Cherbourg  -{~    4    >  +    4    > 

15  >3  14  47 

—  II  —  12 


Times  H.W.  Oherbeurg,  May  9th  3  23    p.m.  May  9th      2  47    a.m. 

If  the  morning  tide,  by  adding  a  Constant,  is  more  than  1 2\  and 
thus  becomes  an  afternoon  tide,  but  the  afternoon  tide  of  the  day  before 
remaiM  Uh  than  12^  when  the  Constant  is  added,  then  there  is  no  morning 
high  water  at  the  required  port  (Bule,  3'',  (a),  thus  :^ 

Ex.  4.    1885,  August  loth :  find  A.M.  and  p.k.  tides  at  Flushing. 

The  Standard  Fort  for  Beferenoe  in  this  case  is  Dorer,  and  the  Oonitant  + 1^  42".    (See  pace  108). 

In  this  case  it  is  high  water  at  DoTer,  Ang.  loth,  at  xo^  34«  a.m.  (ft.0.,  x^  26*  before  noon),  and  the  Con- 
stant i^  42«  added  to  that  wUl  eridently  g^Te  a  p.m.  tide  at  Flushing,  The  preceding  time  of  high  water  at 
DoTer,  t.e.,  the  time  of  high  water  in  the  afternoon  (p.m.)  of  the  proTloiu  day  must  be  employed  to  obtain 
the  moxnixig  (or  a.m.)  tide  at  Flushing— if  any.  In  this  example  it  will  be  seen  that  when  the  addithe 
oonstant  is  applied  to  the  preoeding  afternoon  tide  at  Dover,  the  sum  is  leas  than  i^,  consequently,  the  tide 
does  not  flow  pott  miiA^M— the  result  being  p.m.  tide  of  Aug.  9th.  There  is,  therefore,  no  a.m.  tide  on  the 
loth  of  August  at  Flushing. 

Time  H.W.  Doyer,  Aug.  loth  ioi'34»  A.M.  Aug.  9th    i<^  6«  a.m. 

Ckmstant  -|-    i  4a  +    i  4a 

IS   16  Aug.  9th     IX  48     PM. 

—  la 


Time  H.W.  Flushing,  Aug  loth        o  16   p.m.  (No  a.k.  tide.) 

So,  also,  if,  when  the  Oonstant  is  added  to  the  morning  (a.]c.)  time  of 
high  water,  the  time  is  less  than  1 2\  but  when  added  to  the  afternoon  time 
is  greater  than  12^  there  is  only  a  morning  time  of  high  water  at  the 
given  port.  (Bule,  3**,  (b). 

Ex.  5.    1885,  April  aand :  find  the  time  of  high  water,  a.k.  and  p.m.  at  Lyme  Regis. 

Turning  to  page  xc7  of  the  Admiralty  Tide  Tables  for  1885,  it  will  be  seen  that  the  Standard  Port  for 
BefBience  in  this  instanoe  is  Deronport,  and  the  Oonstant  is  +  o^^  38%  i.0.,  in  order  to  obtain  the  Hm^  of 
high  water  on  any  giren  day  we  must  add  o^  38-  to  the  times  of  high  water  at  Deronport  on  that  day. 

Port  for  Beferenoe— Deyonport,  April  aand  ioi>56"  a.m.  April  aand  1  i^yi^  p.ic. 

Constant  ^    o  38  ConsUnt  +  o  38 

H.W.  Lyme  Regis,  April  aand  11  34   a.m.  April  aand  i a    8    p.m. 

or,  April  ijtd    o    8    a.ic. 
•     -     ^     -         .      9.W.LynM|Ugis,Api4l3snd,  iih34«A.M.;  nor.ic 
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It  alao  frequently  ooours  that  when  there  ts  but  one  high  water  at  the  Standard 
Port — a  blank  ( — )  occuring  in  one  of  the  oolumns — there  may  he  iteo  at  the 
given  port. 

(a)  When  there  is  only  a  morning  time  of  high  water  at  the  Standard 
Port,  1.^.,  a  blank  occurs  in  f.ic.  column,  and  the  Constant  is  additive,  the 
morning  tide  may  become  an  afternoon  tide,  and  the  afternoon  tide  of  the 
day  before  may  become  the  morning  tide  required,  thus : — 

Ex.  6.    1885,  December  ist:  find  times  of  high  water,  am,  and  p.m.,  at  Morlaix. 

Beferzing  to  page  107,  Admiralty  Tide  Tables  for  1885,  it  will  be  seen  that  the  Standard  Port  for  Reference 
in  this  case  is  Brest,  and  the  Constant  is  + 1  >>  6".  Thete  is  only  one  high  water  at  the  Standard  Port,  which 
ooenrs  at  ii^  ss*  A.M.,  i.e ,  o^  25"  hf/ore  noon.  The  constant  +  i««  6»  being  added  to  this  morning  time 
eridently  gires  the  aftenioon  (p.x  )  tide  (see  Bule  30  (a) ;  and  the  morning  (a.x.}  tide  is  sought  by  applying 
the  constant  to  the  prevUnu  afternoon  (p  x.)  tide,  which  occurs  on  Not.  joth,  (the  last  day  of  the  previous 
raosfh)  at  10^  58*  p.x.,  t.«.,  x^  2"  before  midnight ;  the  result  is  KoT.  30th,  12^  4*  p.m.,  which  is  equivalent 
to  December  ist,  o^  4»  a.m. 

Brest,  H.W.,  December  ist    11^  35»  a.m.  Brest,  Noyember  30th    io>^58«  pjc 

Oonstant  for  Morlaix  ^.  i    6  Oonstant  +16 

la  4«  12    4    P.H. 

Morlaix,  H.W.,  Dec.  ist  o  41    p.m.  H.W.,  December  ist       o    4    a.k. 

This  example  shows  the  method  of  proceeding  when  the  first  tide  has  to  be  taken  from  the  first  day  of  one 
Bflnyi  and  the  second  tide  from  the  last  day  of  the  preceding  month. 

(b)  When  there  is  only  an  afternoon  (p.m.)  time  of  high  water  at  the 
Standard  Port,  i.e.,  when  a  blank  ( — )  oconrs  in  the  morning  (a.m.)  column 
at  Standard  Port,  and  the  Constant  is  additive^  the  previous^  afternoon  (p.m.) 
time  of  high  water  at  the  Standard  Port  may  become  the  morning  (a.m.). 
time  of  high  water  at  the  given  port,  while  the  afternoon  (p.m.)  time  of  high 
water  at  the  Standard  Port  may  give  the  afternoon  (p.m.)  time  of  high  water 
required,  thus : — 

Ex.  7.    1885,  Augiiut  and :  find  a.k.  and  p.m.  times  of  high  wate»  at  Stromneas. 

The  Standard  Port  for  Keferenco  is  Thurso,  and  the  constant  is  +  o^  32"  (page  106,  Admiralty  Tide  Tkbles, 
1I85}.  A  blank  occurring  in  the  morning  (a.x.)  oolnmn  of  the  Standard  Port  for  Sefierence,  shows  that 
there  is  no  morning  tide  at  that  place,  only  an  (afternoon  time  of  high  water.  The  Constant  being  additive, 
ve  must  take  ont  the  high  water  for  the  previous  afternoon  (p.m.),  which  is  ii>>  5o"  p.m.  on  the  zst,  i.e.,  o^  io« 
hef»ro  midnight  on  the  1st;  the  Stromness  Oonstant,  +  o^  32"t  added,  eridently  gires  the  next  morning 
(A.V  )  tide  at  Stromness,  sine  3  12^  22"  past  noon  August  ist  is  evidently  o^  22"  a  x.  on  August  2nd.  The 
afternoon  (p.m.)  time  of  high  water  at  Stromness  is  found  by  adding  the  Stromness  Oonstant  to  the  afternoon 
( p  x. )  tiiiie  of  high  water  at  Thurso.    The  work  stands  thus  :— 

Standard  Port  for  Beference— Thurso ;  Oonstant  +  o^  a*". 

Thorso,  H.W.,  Aognst  ist        ii^s^  ^'^'  H.W.,  Augast  2nd         o^iam  p.m. 

Constant         +    o  32  Oonstant       +  o  32 

Angust  i8t  12  22    P.M.  H.W.y  Attgnat  2nd         o  44    p.m. 

12 

Stromness,  Angnst  and  o  22    a. v. 

It  sometimes  happens  that  when  there  is  hut  one  high  water  at  the  Standard 
Port,  there  mag  hehutoneaiike  given  port. 

(a)    When  a  blank  ( )  occurs  in  the  morning  column  for  the  given 

day  at  the  Standard  Port,  i.e.,  when  there  is  no  morning  tide  at  that  place,  and 
the  Constant  being  additive,  the  previous  afternoon  (p.m.)  time  of  high  water 
at  the  J3tandard  Port  may  give  the  afternoon  (p.m.)  tide  at  the  given  port  for 
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the  previous  day,  and  the  afternoon  (p.h.)  time  of  high  water  at  the  Standard 
Fort  for  the  given  day  gives  the  afternoon  (f.k.)  time  of  high  water  for  the 
same  day  at  the  given  port. 

Ex.  8.    1885,  May  3o'.h :  find  times  of  high  water,  am.  aad  p.m.,  at  Boulogne. 

The  Standard  Port  for  Beferenoe  for  Boulogne  is  Dover,  and  the  Oonstant  is  +  o^  zj"  (see  Admixalty  Tide 
ables,  1885,  page  xoS).  A  blank  oooarring  in  the  morning  (a  m  )  column  of  Port  for  Referenoe  (DoTer),  and 
the  Constant  being  addUive  (-f),  the  preoedinx  time  of  high  water,  i.e.,  that  for  the  aftarneon  (p.m.)  of  tha 
previom  day  is  used  to  determine  the  morning  tide  at  Boulogne— if  any.  In  this  example  it  will  be  seen  that 
on  applying  the  Oonstant  to  the  previous  p.m.  tide  at  Dover,  the  sum  (iii^  54")  is  /«m  than  za^,  oonaequentlyy 
it  remains  a  p.m.  tide  of  the  preceding  day— the  29th. 

There  is  no  a.x.  tide.  The  Oonstant  added  to  the  afternoon  tide  of  given  day  at  the  Standard  Port  givea 
the  required  afternoon  tide  at  Boulogne. 

Time  H.W.,  Dover,  May  igih        iiMi*"  ^-V*  Dover  May  30th  (qood)      o^  o» 

Ooostant  for  Boulogne     +  ^  '3  Ckwatant        -|.  o  ij 

Time  fl.W.,  Boulogne,  May  a9th  II  54    v.k.  Bonlogne,  May  30th  013    vjc 

No  A.K.  tide;  o^  13™  p.m. 

(b)  When  a  blank  (— )  occurs  in  the  aflernooa  (p.m.}  ooliunn  for  the 
given  day,  t.^.,  when  there  is  no  afternoon  tide  at  the  Standard  Port  and  the 
Oonstant  is  additive  (+)  the  previous  afternoon  (p.ic.)  time  of  high  water  at 
the  Standard  Port  may  give  the  afternoon  (p.m.)  tide  at  the  given  port  for 
the  previous  day,  and  the  morning  (a.m.)  time  of  high  water  at  the  Standard 
Fort  for  the  given  day  gives  the  afternoon  (p.m.)  time  of  high  water  for  the 
same  day  at  the  given  port. 

Ex.  9.    1S85,  July  a  2nd :  find  A.K.  and  p.m.  tines  of  high  water  at  Hartlepool. 

The  Btandaxd  Port  taa  Bciawnoo  Ibr  Hartlepool  ia  Sundevlaod,  and  the  0en»t«nt  +  (^  6«.  Th«e  ii  «# 
t^fternoon  tide  on  July  aand  at  Standard  Fort.  The  morning  time  of  high  water  at  Sqaderland  is  ix^  S4* 
A.U.,  or  oh  6"  hejbrt  noon,  and  the  Oonstant  o^  6«  added  gives  hoom  as  tiie  time  of  high  water  at  Hke  given 

Time  of  H.W.,  Sunderland,  July  land  11^54""  A..M. 

Conitant  for  Hartlepool  4"    °    ^ 

12    o    A,u^ 

^  or  Noon. 

When  the  Oonstant  is  BubtractlTe,  the  morning  tide  at  the  Staadaxd 
Port  frequently  becomes  an  afternoon  tide  of  the  day  before,  and  the 
afternoon  tide  of  the  given  day  becomes  a  morning  tide,  in  which  case  tha 
morning  tide  of  the  succeeding  day  must  be  employed  to  find  the  afternoon 
tide  at  the  given  port,  as  in  the  example  following : — 

Ex.  10.    1885,  May  6th :  find  a.m.  and  p.m.  tides  at  Portland  Breakwater. 

In  this  case  the  Standard  Port  for  Befierenoe  is  Portsmouth,  and  the  first  tide  at  Portsmouth  ooenrs  at  4^  i"* 
jux.  (•'.«.,  4^  X"  after  midnight),  consequently,  since  Portland  Oonstant  shows  that  high  water  oeeurs  there 
4^  4tf>  earlier  than  at  Portsmonth,  and  sinoe  that  quantity  sttbtraoted  fh>m  May  6th,  ji*  37"  a.x  ,  would  gire 
a  P.M.  tide  on  the  5th  at  Portland;  we,  therefore,  use  the  Portsmouth  tide  of  the  6th  r.x.,  and  of  the  7^1 
▲.lu,  thus :—    (See  Rule,  (0). 

Time  H.W.,  PortBrnonth,  May  6th  4^  i»  p.k.  May  7th       4^2^^  a.m. 

+  "  +  la 


Oonstant  for  Portland 


16  a7 
—    440 


Times  H.W.|  Portland  Breakwater,  May  6th    11  21    ▲.!!,  May  6th      1x47    p*^ 

When  at  the  Standard  Port  there  is  only  an  afternoon  high  water,  and 

the  Constant  is  subtraciive^  and  greater  than  the  given  time,  the  afternoon  tide^ 

for  the  givm  dag  will  give  the  morning  tide  required,  and  the  morning  tima 
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of  high  water  for  the  fincceeding  day  mast  be  employed  to  determine  the 
afternoon  time  (Bole,  (e),  thus :  ~ 

Ex.  II.     1885,  JuYy  7th:  Had  a  v.  and  p.m.  tides  at  Falmouth. 

Hie  Staodaid  Port  for  Referenoe  is  Deronport,  aad  the  Oonstant  is  ~oi>46">  (Admiralty  Tide  Tables  f 

pace  107}.    A  blank  ( )  ooours  in  the  morning  column  6f  the  7th,  we  thercfure  use  the  next  tide  (as  the 

Constant  is  wbtraetite),  yis.,  the  p.x.  tide,  12^  being  added  to  make  the  subtraction,  thus  :— 

Time  H.W.,  Devonport^  July  7th      o'^ij*  p.m.      (next  tiJe)  July  8ih        o»»54w  a.k. 

+  la  CoDstant  —  o  46 

12  15  July  8th        08    A.M. 

Constant  for  Falmouth      —    o  46 

Time  U.W.,  Falmouth,  July  7th      11  29    a.m. 

Hero  there  is  no  p.x.  tide  on  July  7ih  at  Falmouth. 

The  following  example  shows  the  mode  of  procedure  when  the  first  tide  is 
taken  out  for  the  last  day  of  one  month,  and  the  second  tide  on  the  first  day 
of  the  BQooeeding  month. 

Ex.  12.  1885,  May  31st:  find  a.v.  and  p.m.  times  of  high  water  at  Bally cistle  Bay. 
The  Standard  Port  for  Beferenoe  is  Belfast,  and  the  Constant  is  —  4>>  i8«.  A  blank  (— )  occurs  in  the 
morning:  oolumn  of  Hay  31st  at  the  Standard  Port;  there  is,  therefore,  oaly  an  afternoon  tide  at  that  port 
on  the  3i8t,  and  theConstant  being  tubtractive,  we  use  the  afUmoon  time  of  high  water  at  Belfast  {increased 
by  12^)  to  obtain  the  morning  (▲•>(.)  time  of  high  water  at  Ballycastle  Bay ;  and  the  next  time  of  high  water 
at  BeSEa^t,  i  ^.,  the  time  of  high  water  at  Belfast  on  the  morning  (a.m.)  of  June  ist  must  be  employed  to 
detennine  the  p.m.  tide  at  BaUyoastlo  Bay.    The  work  wUl  stand  as  below :~ 

H.W.,  Belfast,  May  jist  o^  4*"  '•!(•        (next  tide)  H.W.,  Jons  ist       qH%^  a.k. 

i»     4  i>  ss 

CoMtant  —    4  18  Ci»0tjMBt  —    4  18 

H.W.,  Dallfeaetle,  May  3i8t        746    a.m.  H.W.,  May3irt  8    4    p.ii. 

When  the  Oonstant  is  subtractive,  and  the  afternoon  (p.m.)  time  of  high 
water  at  the  Standard  Fort  is  more  than  the  Constant,  but  the  morning 
(a.m.)  tide  less,  there  will  only  be  an  afternoon  time  of  high  water  at  the 
port  required. 

Ex.  13.  1885,  Kovember  ist:  find  a.m.  and  p.m.  times  of  high  water  at  Milford  Haven 
(entrance). 

The  Standard  Port  for  Refernice  is  Pembts^e,  and  tho  Constant  —  o**  i6»  (seo  page  105,  Admiralty  Tide 
Tables).  Constant  etBoeeda  Stendard  a.jc  tide,  Iheeefore  raieot  it ;  but  it  is  less  l^an  p.m.  ;  there  is  only  a 
r.M.  tide  at  Milfoid  Haven. 

Time  H.W.,  Pembroke,  Nov.  ist     o^  y^  a.m.  o>)44«  p.ic, 

GoDstaat  —    16  —    16 

O   28      P.M. 
No  A.M.  tide  on  Noyember  ist  at  Milfbrd  Haven. 

Ex.  14.  1885,  July  7  th :  find  a.x.  and  p.m.  times  of  high  water  at  Skall. 
Tke  Pjrt  fto  Betamoe  for  SknU  is  aoeenstown,  and  the  Ceastant  is  _  o>>  59"  (aee  petqe  lof,  Admiralty 
Tide  Tables,  1885).  Here  the  ftrst  tide  at  Queenstown  occurs  at  1  ii>  47"  a.m.,  and  there  is  no  oftomoon  (p.m.) 
tide  that  day,  as  a  blank  occurs  in  that  column ;  but  the  next  tide  occurs  July  8th,  oi*  2i>"  a.m.,  and  since 
the  Constant  for  Skull  shoira  that  the  time  of  hifh  waiter  there  takes  place  0^59"  earlier  than  at  Queenstown, 
that  quantity  subtracted  fbom  July  8^  o**  ai»  A.M.,  will  give  a  p.m.  tide  at  Skull ;  therefore,  use  times  of  high 
water  at  QaeeiMtown  on  the  morning  (a.m.)  of  July  7th  and  flie  Biomiiig  a  m.  of  July  8th,  thus  :— 
Qaeenstown,  H.W.,  July  7th    n>»47»  a.m.         H.W.,  July  8th  o»»ii«»  a.m. 

Constant  —    o  59  +12 

SkoU,  H,W.,  July  7U1  10  48    a.m.  la  sr 

Constant      —    o  59 


Bkvn,  H.W.,  July  7th     11  92    r.K. 
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I. 

1885 

,  Jan.  I  ith, 

Maryport. 
Cardigan. 

16. 

1885 

,  March  25  ih, 

2. 

tf 

Feb.  2nd, 

i7« 

)} 

Oct.  2Qd, 

3* 

$§ 

March  ist. 

Hurst  Camber. 

18. 

II 

Oct.  nth, 

4- 

f» 

April  23rd, 

Dnnmore. 

19. 

II 

Got.  1 8th, 

5* 

)t 

May  3rd, 

Lerwick 

20. 

•1 

April  23rd, 

6. 

n 

Jane  19th, 

PorOand  Bk*water. 

21. 

'  II 

Dec  13th, 

7. 
8. 

}9 

Jnly  loth, 
Augoflt  12U1 

BaUyoastle 
,  Boulogne. 

Bay. 

22. 
13- 

11 

June  30th, 
August  ist, 

9* 

}f 

Sept  2nd, 

Wexford. 

a4- 

9f 

April  a3rd, 
July  7th, 

lO. 

II 

Oct.  2I8i, 

Cadis. 

a5- 

II 

II. 

)« 

Nov.  27th, 

StromnesB. 

26. 

1) 

Nov.  30th, 

13. 

» 

Beo.  19th, 

Aberdeen. 

a?. 

11 

August  4th, 

"3- 

t$ 

Jan.  6th, 

Bordeaux. 

28. 

II 

Sept.  9th, 

14. 

It 

Feb.  loth, 

Blyth. 

29. 

11 

June  a3rd, 

15- 

It 

March  %5ih, 

Penzance. 

30. 

It 

Jnne5Ui, 

Ex.  15.    1 885,  August  27th :  find  a.k.  and  p  Jf .  timeB  of  high  water  at  Whitehaven. 

The  Standard  Port  for  Beference  is  Liverpool,  and  the  Con.«ta2it  ~-c^g>»  (Admiralty  Tide  Tables,  page  105). 
In  this  example  there  is  a  blank  in  ih?  morning  column  at  Standard  Port,  we  therefore  take  the  aftcmoon 
tide,  and  the  Oonstant  being  of  the  same  value  preoiaely  as  the  time  of  high  water,  the  result  is  a  noon  tide 
at  Whitehaven. 

'      (Only  tide).  Time  H.W.  Liverpool,  Aug.  27th        o^  9™  p.m. 

Constant  —    9 

Time  H.W.  Whitehaven,  Aug.  27th   o    o 
There  is  only  one  high  water  on  the  syth  August,  and  this  occurs  at  Noon. 

ExAMPTiKfl  FOB  PbAOTIOB. 

In  each  of  the  following  examples  it  is  required  to  find  the  time  of  high 
water  a.m.  and  p.m. 

fixmouth. 

Torbay. 

Southampton. 

Archachon. 

Ballyootton. 

PwllheU. 

Lowestoft. 

Dieppe. 

New  Roes. 

Kilrush. 

Sheephaven. 

llfracombe. 

Inverary. 

Belle  He. 

Ooleraine. 

X63>  In  pages  151  to  234  of  Admiralty  Tide  Tables  for  1885 ,  are  given 
the  times  of  high  water  at  ftdl  and  change  of  a  great  number  of  ports,  bj 
which  we  are  enabled  to  calculate  approximately  the  time  of  high  water  on 
*each  day.  The  Oonstant  is  found  by  taking  Brest  as  the  Standard  Port,  at 
which  place  the  time  of  high  water,  full  and  change,  is  3^  47°".  The  difference 
between  the  fall  and  change  at  the  given  port  and  Brest  will  be  the  Constant 
to  be  employed  (as  in  the  preceding  Bules),  except  there  be  a  great  difference 
of  longitude,  in  which  case  the  correction  for  the  moon's  meridian  passage 
must  be  employed,  since  for  the  greatest  longitude  this  correction  may  amount 
to  half  an  hour.  Should  the  longitude,  however,  not  exceed  ^°,  it  may  be 
neglected,  as  doing  so  will  scarcely  make  more  than  a  difference  of  one 
minute.  It  must  also  be  observed  that  the  longitude  of  Brest  is  4^®  W.  of 
Greenwich,  and  in  strictness,  therefore,  in  determining  this  correction  4° 
should  be  subtracted,  if  the  longitude  of  the  place  be  East,  or  added  if  it  be 
West.  The  correction  is  fotmd  in  Table  XYI,  Nobis,  or  Table  28,  Eafbb. 
Hence: 

164-  To  And  the  time  of  high  water  at  Foreign  Ports 
whose  Constants  are  not  given  in  the  Tide  Tables. 

RULE  LXVm. 

i^.  To  find  the  Constant.~/n  the  Alphabetical  List  of  Ports  at  the 
end  0/  the  Admiralty  Tide  Tables  for  1889,  pages  191-234,^11^  the  time  of  high 
ioaUr,  Full  and  Change,  at  Brest,  and  dho  that  earreepanding  to  the  given 
port;  subtract  the  less  fnm  the  greater  of  these  two  timee,  and  the  remainder 
will  h  the  Oonstant,  additive  if  the  full  and  change  (P.  &  0.)  at  the  given 
port  i$  greater  than  that  0/ Brest,  hut  subtf  active  ^less. 
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z\  Take  out  ih$  tiwisi  of  high  waUr  ai  Breotfor  ih$  gioon  d^y,  and  applg  tho 
ConoUfU  at  iirecled  in  iho  preceding  Bale  LXYII,  pages  206-207 ;  the  reniU  is 
the  ttnte  of  high  water  (nearly)  ait  the  given  place, 

i".  Take  out  the  longitude  of  Brest  and  aleo  of  the  given  place ;  take  the  mm 
if  the  names  are  alike,  hut  take  the  difference  if  the  names  are  unlike. 

4^  Take  0^  (from  the  column  to  the  left  of  those  containing  the  times  of 
high  water  at  Brest)  the  moonU  transit  for  the  proposed  day  and  the  following 
onOf  if  the  long,  ie  West ;  hut  for  the  given  day  and  the  preceding  one  if  the  long,  ie 
EaeL    Their  difference,  in  either  caee^  ie  the  Daily  Variation,  or  Eetardation. 

5^  Take  from  Table  28,  Bapsb,  or  Table  16,  Nobie,  the  correction  corree* 
ponding  to  the  daily  variation  and  longitude. 

6\  Apply  thii  correction  hy  addition  in  West  hngitude^  hut  hy  subtraction 
.  Ml  East  longitude^  to  the  approximate  times  of  high  water  already  founds  the  result 
is  the  times  of  lugh  water  on  the  proposed  day  at  the  given  place. 

ExAMFliXS. 

Sx.  I.  1885,  October  16th :  required  the  time  of  high  water  at  Yiotoria  Riyer,  Turtle 
Point  (K.W.  coast  of  AustraUa),  longitude  130''  E. 


Time  of  H.W.  full  and  change,  Victoria  River 
>t  Breat 


7»'I5"(P.»30 
3  47    (p.  196) 


>  's  transit,  Oct.  16th,  6i>S9"  p.k. 


Constant  +  3  aS 

Long.  Yiotoria  RiTer    1 30*  E. 
„     Brest  +    4  W. 


47  "6 

Under  47*  and  against  xa6^  longitiido»  in  lUpaa,  TaUe  a8,  or  Noais,  16,  we  find  iS^  to  be  subtraoted, 
I  the  longitude  is  B. 


Time  H.W.  Brest,  Oct.  i6th 
Constant 


Coneciion  for  longitude 

Tiflse  H.W.  at  Victoria  \ 
BiTvr,  Oct  i6th         / 


«b55«  A.K. 

+  3J« 

II  13 

—  o  16 


12     7      A.X. 
O     7      P.M. 


Tims  H.W.  Brest,  Oct.  15th 
Constant 


8ha3«p.ii, 
+  3J18 

II   SI     P.M. 

—  o  16 


Time  H.W.  at  Victoria  \ 
River,  Oct.  15th         j 


II  35   y-M- 

No  A.M.  tide. 


£1.  a.    1 885,  January  a  ist :  find  the  times  of  high  water  at  Sandy  Hook,  long.  74*  W. 
Time  of  H.W.  full  and  change,  Sandy  Hook        7112^111  rp.  235) 
„  „  Brest  3  47    (p.  196) 


>  's  transit,  Jan.  aist    4^^  40 
aand  4  52 


Constant  +  3  4a 

Long.  Sandy  Hook    74*  W. 
„     Brest  +  4  W. 

48  78 

Under  ^S*  and  against  78"  in  longitttde,  in  Bapjsb,  Table  aS,  or  Noaia,  16,  ire  find  io«  to  be  added,  beoanee 
ftbe  longitude  is  West. 

Time  H.W.  Brest,  Jan.  aist       6*' 39"  a.k.    ,    Time  H.W.  Brest,  Jan.  aist       ^$9"^  p«v. 
Constant       +3  4^  Constant         +  3  4> 


ID  a  I    A.M. 

Cozreotion  for  bngitude  +  10 

T.  H.W.  Sandy  Hook,  Jan.  aist  10  31   A.x. 


10  41     P.M. 

Correction  for  longitude  -)-  10 

T.H.W.SandyHoo1c,Jan.aistio  51   p.k. 
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2)4  timiing  A^  Tim  «/  SRgh  PitUr. 


Sk.  %.    18S5,  8«ptMBb0r  i9tli:    raqoirad  th«  times  of  ^a^jb.  mter  at  Bto  Janriro, 
loBgitode  43**  9'  W. 

Time  of  H.W.  fall  and  ohanye,  at  Rio  Janeiro      nf^  &^  (p,  223) 
„  „  Brest  3  47    (p.  196) 

OoBSlaat     <—  o  47 

> 's  tmMit,  Sept.  i9tfa       8^35-  Long.  430^, 

aoth        9  21  4 

o  46  47  W. 

TTnder  46*  and  opposite  s<fi  (nearest  to  Long.  470)  in  Table  XVI,  Norib,  or  28,  Rapsr,  stands  the  coxree- 
.tioa6^tQl)eaAM. 

Time  H.W.  Brest,  Sept  19th      o^22»  p.m. 
Constant     —  o  47 


Correction  for  longitada  -)* 


"  'I "  • 


Time  H.W.  Brest,  Sept.  lotb     ok54n  jl.k. 
Constant         —  o  47 

o    7 
Correction  for  longitude  +    ^ 


T.H.W.RioJaneiro,Septi9th  II  41   a.k.    |    T.  H.W.  Bio  Janeiro,  Sept.  20th  o  13   a.k. 

No  P.M.  tide. 

Ex.  4.    1 885,  August  2Dd :  find  the  times  of  high  water  at  Cape  Yirgin,  Straits  of 
Msgellan,  longitude  68^  W. 

Time  of  H.W.  full  and  change,  Cape  Virgin         8i*3o»  (p.  232) 
„  M  Brest  3  47    (p.  196) 

Constant       +  4  43 

J  *s  transit,  August  2nd       4»»29'»    48"  and  hmg.  ya*  W.  (68"  +  4°)  give  corr.  +  9». 
3"i       5  »7 


48 


Time  H.W.  Brest,  Aug.  2nd       7»»2i»  a.m. 
Constant         -|-  4  43 

12     4    A.M. 

o     4    P.M. 
Correction  for  longitude  4*    9 


Time  H.W.  Brest,  Aug.  tst        6i>59"  p.m. 
Constant         +  4  43 

II  42    P.M. 
Correction  for  loogitude  -4-    9 

T.  H.W,  Cape  Virgin,  Aug.  I  St  11  51   p.m. 

No  A.M.  tide. 


T.  H.W.  Cape  Virgin,  Aug.  2nd    o  13   p.m. 

EXAHFLBB  FOB   FjU.CnC8. 

On  the  dates  given,  find  times  of  high  water  at  the  undermentioned  places. 


1885,  August  ist:  Nelson,  New  Zealand,  longitude  173^  E. 

„  Augast  39th :  Point  de  Galle,  longitude  80^  E. 

„  Apdl  loth :  Caracas  River,  Ecuador,  longitude  67°  W. 

„  Febnuary  28th:  San  Francisco,  loog.  122^  W. 

„  September  14th:  Auckland  Harbour,  New  Zaalaad,  longitada  175^  E. 

„  August,  26th:  Macao,  longitude  114°  E. 

„  June  1 8th:  Port  Jackson,  North  Head,  longitude  151°  E. 

„  December  ist:  Yokohama,  longitude  140^  E. 

„  June  8th,  Ayatska  Bay,  longitude  159^  E. 
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GREENWICH  DATE  BY  CHRONOMETER. 


ICS.    I>ef.~The  Error  of  Chronometer  on  Mean  Time 

at  any  place  is  the  difference  between  the  time  indicated  by  the  chronometer 
and  th9  mean  time  at  that  place.  The  error  of  chronometer  on 
BKean  Time  at  Oreenwieh  is  the  difference  between  the  time  indicated 
by  the  chroaometer  and  the  mean  time  at  Ghreenwich.  The  error  is  aaid  to 
be/ot^  or  tlow  as  the  chronometer  is  in  adranoe  of  or  behind  the  miean  time 
at  Greenwich. 

ICC  I>ef.— Hate  of  Chronometer  is  the  daily  change  in  its  error, 
or  the  interval  it  shows  more  or  less  than  twenty-four  hours  in  a  mean  solar 
day.  If  the  instrument  is  going  too  fast,  the  rate  is  called  gaining  ;  if  too 
dowy  hiing. 

lC7a  To  find  the  Hate. — ^The  rate  of  a  chronometer  is  determined 
by  comparing  its  errors  for  mean  time,  as  found  by  obseryation  at  a  given 
place,  on  different  days.  Thus,  if  by  observation  a  chronometer  is  found 
20"  9hw^  and  at  the  end  of  ten  days  is  found  to  be  90^  9hw  for  meaa  time  at 
the  same  place,  it  has  evidently  lost  30'  in  ten  days,  whence  its  mean  daily 
rate  is  3'  lo9ing.  If  on  a  given  day  chronometer  be  iz'/a^,  and  at  the  end 
of  thirteen  days  S'j*  fatt  for  mean  time  at  any  place,  it  must  have  gained 
45'  in  thirteen  days,  or  its  rate  is  about  3**5  a  day  gtming.  Hence  the 
amount  of  the  daUy  rate  (supposed  uniform)  is  found  by  the  following 

BTTLE  TiYTX. 

WnU  ofM  error  U9td&r  the  oihir^  then 

Both  mrrwr$  fast,  or  both  Slow,  idke  their  difference. 

One  error  fast  and  the  other  slow,  take  their  sum. 

Bring  the  sum  or  remainder  into  eeeonde  ('],  if  not  already  expreued  in  seeondSf 
and  divide  hg  the  number  i/daya  between  the  datee  of  the  two  errors ;  the  result 
ipiil  he  the  daily  rate  in  eeeonde  and  tenths^  or  (parhofe)  tentke^  only. 

1C8>  To  name  the  Hate. —  WT^en  the  chronometer  is  fast  either  on 
Oreenwich  mean  time,  or  on  the  time  at  place,  if  the  error  is  increasing,  the  rate 
is  gaining  ;  •/  decreasing,  the  rate  is  losing.  When  the  chronometer  is 
dow,  if  the  error  is  increasing,  it  is  losing  ;  if  decreasing,  it  is  gaining. 
When  the  chronometer  is  fast,  and  the  error  changes  to  slow,  the  rate  is  losing  ; 
if  the  error  changes  from  slow  to  fast,  the  rate  is  gaining. 

Ex.  I.    A  ohionomeler  was  25B  20«  skm  for  m«Mi  time  at  Ghrecavioh  ob  XTov.  20th,  and 
on  Nov.  30th  was  24"»  45*  »low  on  Greeawioh  mean  time :  required  the  daUy  rate. 
November  aoth»  ohronometer  siaw    a5™20" 
November  3oth»  »>  8iow    24  45 

Ohange  of  error  in  10  days  35 

Bate  for  i  day  3*5  gaining, 

la  this  ezam|»le  the  obKoaoiaeisr  is  shw  on  November  20th,  and  lew  thw  on  November 
3btb,  and  the  error  is  decreoHng,  therefore  the  chronom^lter  ia  gmmng. 
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2i6  Gr0mmch  Date  hy  Ohr&nameUr. 


Ex.  a.    A  ohronomeier  was  tlow  18"  $»  on  mean  time  at  Greenwich,  Feb.  ^^0k,  1880,  and 
on  Maroh  nth  was  ihw  a9»  36"  on  mean  time  at  Greenwich :  find  daily  rate. 

i88q^  February  ayth,  chronometer  tlaw  a8»  5*  Felw        29  (leap  year) 

1880,  March  nth,  „  ilow  29  ^6  Feb.        17 

Ohange  of  error  in  13  days  i  31  a 

♦  -—  March     1 1 
13)91(7-0  — 

91  Int         13* 

The  error  of  chronometer,  which  is  ihw,  is  increating,  it  is  therefore  Umng  7-0. 

Ex.  3.    A  chronometer  was  fatt  i"»  23*  on  mean  time  at  Greenwich,  Jane  and,  and  on 
Jnly  ist  wa8/M<  i<«  37**5  on  mean  time  at  Greenwich :  find  daily  rate. 

Jane  and,  chronometer /m<    i*"a3>  Jane    30 

Jnly  I  St,  „  fa»t    1  37-5  Jane      a 

Change  in  a9  days                      14*5  a8 

■  Jaly       I 

a9)»4*5(o'5  — 

i4'5  Ittt.      a9* 

The  error  of  chronometer  is/a«/  and  incr$asing,  hence  the  duly  rate  is  0-5  gaining. 

Ex.  4.    A  chronometer  was  fatt !«  51*  on  mean  time  at  Greenwich,  May  ist,  and  on 
May  15th  was  41*/^^  <^ mean  time  at  Greenwich:  find  daily  rate. 

May  I st,  chronometer /<mI     i™5x'  May        i 

May  15th,         „         fatt     o  41  May      15 

Change  in  14  days  i  10  Int.       14 

70 


-1; 


35 


5 
In  this  example  the  chronometer  \%fait  and  the  error  dtcreaHng,  the  rate  therefore  is  lotiitg. 

Ex.  5.    Jnly  a  8th,  at  3*>  p.m,,  the  chronometer  was  o»  6^'o/ast,  and  on  AugoBt  4th  at 
same  time,  it  was  o"  i7«*i  slouf :  required  the  daily  rate. 

July  28th,  at  3*>  P.if.,  chronometer /a«<        o»  6*'o 
August  4^1        „  „  »hw        o  17-1 

Change  of  error  in  7  days  a3  *i 

Daily  rate  3  '3  loting. 

In  this  example  the  error  has  changed  from  fatt  to  slow,  the  chronometer  therefore  is 
iosing' 

Ex.  6.    A  chronometer  was  tiow  i"  4*  on  mean  time  at  Ghreenwioh,  March  ist,  and  on 
Maroh  a3rd,  was  o»  ig*'6faat  on  mean  time  at  Greenwich :  required  the  rate  of  chronometer. 
Maroh  zst,  chronometer  tlow     i«  4*  March     a3 

March  13^19       „  fait     o  19*6  Maroh      1 

Change  of  error  in  aa  dajrs        i  a3*6  Int.         aa' 

a  I  836 


{  tt  I  41*8 


Bate       3*8  gaina. 
In  this  example  the  error  of  chronometer  has  changed  from  daw  to  fattj  it  is  evident^ 
th^efoNi  that  the  ohxoiioitt^ter  is  ^«Mi^, 
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Sfmmti  J>0l$  h  Chfm9ml0^ 


«»7 


1.  A  ohronometer  was  »low  a«  14*  oa  ma^n  time  at  Greenwich,  March  3rd,  and  on 
Ibrch  ^5th  waa  tloifi  5q«'4  on  n^an  tioi^  at  Greenwich :  find  the  daily  rate. 

2.  A  ehxo&ometer  was  tl&w  j;*  19*  on  mean  time  at  Ghreen^mch,  Jannary  3othy  and  on 
Fehrnary  17th  was  thw  6«  13*  on  mean  time  at  Greenwich :  find  the  ^^diji  rate. 

3.  A  chronometer  was  ^^  >•  fast  on  meap  time  at  Greenwid^,  Jannary  14th,  and  on 
Febroary  lotfa  was/o^  3"  i8*'5  for  mean  tin^e  at  Greenwich :  fin^  the  daily  rate. 

4-  A  chronometer  yras  §hw  49**3  on  mean  time  at  Ckeenwioh,  ^a^  17th,  and  on  April 
ist  was  I™  5S**7/m4  for  mean  time  at  Ghreenwich :  find  daily  rate  ^f  ehfonometer. 

5.  A  chronoqu^ter  wsf  ^«4<  i"B4*  on  mean  time  at  Greenwich,  Jannary  loth,  and  on 
Fehrwiry  loth  was  1™  6>'2  ihw  for  mean  time  at  Greenwich :  required  the  daily  rate. 

6.  A  chronomet^  was  fut  1"  29*  on  mean  time  at  Gree^wieh)  July  ist,  and  on  Jaly 
23rd  mafut  i<B  5*'9  on  mean  time  at  Greenwich :  find  daily  rate. 

7.  A  chronometer  was/at^  48*  on  mean  time  at  Greenwich,  Febri^a^  281,(1^  and  on 
March  15th  was  ^oyf  43'  on  msan  time  at  Greenwich :  find  daily  rato. 

8.  A  c)w»iiQmeiev  was  f2atfl  ao?  on  ipean  time  at  Qxeenwichf  September  is^  and  oa 
Beptembev  15th  was/a^^  i"  i8«  on  mean  time  at  Greenwich;  find  daily  rate. 

9.  A  ohrpnometer  was  i»  40*  /cut  on  mean  timie  at  Greenwich,  January  zs^  and  on 
ltikt^aMy  aoth  was  wfnai  Ux  GreeAwioh  mean  time:  find  the  daily  rate. 

10.  A  ohronpnetai  was  em^  for  Greenwich  mean  time  on  llasoh  ut,  and  on  April  aoth 
was  o"  40F  fut  on  mean  ti^e  at  Greenwich :  find  daily  rate. 

1C9»    To  And  t¥Q  llrQCwnulat«d  r4tQ.^Tke  Acp^I^^lf(ted  rate  puqr 

BXTLE  LXX. 

1^  AJUx  iwo  c^fhers  to  the  hours,  and  divide  the  result  hff  6^  a»4  the  giuUiefU 
If  4  (i,e.^  divide  by  9^)  \  the  last  juotient  u  the  hows  expressed  as  de^'mals  of  a 
day, 

z\  Multiply  the  daily  rate  ly  the  days  and  decimals  of  a  day  for  which  the 
aeeumulated  rate  is  required,  the  product  will  be  seconds  (').  I\tm  this  product 
(if  above  60}  into  minutes  (*)  and  seconds  (') :  the  result  is  the  accumulated  rate. 


Bkamflbs. 


E^,  I.     A  chronqmeter  gains  2«*6  in  a 
day :  what  does  it  gain  in  32^  16^  9 

(6)16-00 
• 
4)2-66 
Pf^flxiniji  t)ie  days  \  — r- 
io  the  decimals  of  >  =    32*66 


a  day. 


iBalo 


A4iBiiiim)ai«4  rata 


W9 


Ex.  2.  If  a  chronometer  loses  9**4  in  a 
day,  what  is  its  loss  in  i2<>  9^  34»  =  is<>  10^ 
(nearly)  P 


Prefixing  the  days ) 
o'f 


(6)10 


to  the  daetmais 
a  day 


ia'4i 
1 1 169 


6,p)i  1,6654 


Accumulated  rate       i"'56**7 


»,    s^t 
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OrMfNMM  Date  hy  ClmimmeUr. 


170.    The  accumulated  rate  may  alBO  be  found  thus : 

Etamft.eh. 


Ex.  I.    If  a  chronometer  gains  i**6  in  a 
day,  what  will  it  gain  in  32^  i6^  ? 


lib 

1* 

a-6 

4 

\ 

13 
4 

6,0  1  8,49 

i«i4-9 

loees  Q^. 
nlatedl 


4  in  a 
I08B  ia 


Ex.  a.    If  a  ohronometer  loees 
day,  what  will  he  the  aooomi 
"*9^34"f 
I  a'  9^  34">  may  he  reckoned  as  11'  9^  30". 


6» 

^ 

9-4 

la 

iia*8 

3 

J 

a-3 

30- 

I'l 

a 

6,0  1 

11,6-4 

or,  i»a5« 

ploMo^tofi.— Multiply  the  dedmal  2"'6  by  the 
Mr  of  whole  dajs,  namely,  3  s.  Next  oonader 
that  la  honn  ia  the  ^  of  1  day,  and  a  hours  is  the  ^ 
of  lahourt.  la  and  4  make  up  the  wnole  numbwor 
hours,  namely,  16.  Diride  the  daily  rate  3*6  by  2, 
whidh  will  give  1*3,  the  proportional  part  of  rate  in 
11  hours;  next  diyide  1  -3  by  3,  which  gives  the  rate 
f6r  4  hours,  i  of  11  hours  (see  example).  Add  the 
products  ana  quotients  together ;  the  sum  is  84>-o  = 
i">  24*'9;  and  observe  that  the  decimal  is  rejected, 
and  since  it  is  above  *5,  therefore  x  ia  added  to  the 
■econda. 


''■5^*-4 
or,  i»56» 


p2aMa<i»i».— Multiply  by  \% ;  thai  6  houra  ia  i 
■a^ofehoi] 

of  3h< 

which  will  give  a-3,  the  proportional  part  of  rate  in 


of  1  day,  and  3  hours  \  of  6  houn,  and  30  minutes  ia 
x-6th  of  3  honra.    Divide  the  daily  rate,  9^*4,  by  4, 


6  hours  (\  of  a  day);  next,  divide  a-3  ^7  ^  which 
gives  the  rate  for  3  hours  (i  of  6  houra) ;  again,  divide 
I'l  by  6.  which  givea  the  change  for  30  minutea 
,_  jth  of  3  houxa) ;  then,  add  the  product  and  aeveral 
quotienta  together,  the  reault  is  the  woCTimnlatftd 


(x-61 

qUOtieuiA    logwuvir, 

rate  for  the  intervail. 

171* — ^Before  going  to  sea,  the  error  of  the  ohronometer  on  Greenwich 
mean  time,  and  its  daily  rate,  are  supposed  to  have  been  accurately  deter- 
mined, either  at  an  obseryatory  by  means  of  daily  comparison  with  an 
astronomical  dock,  or  by  observations  taken  by  a  sextant  at  a  place  whose 
longitude  is  known* 

172>  When  the  error  of  a  chronometer  on  Greenwich  mean  time,  and 
also  its  daily  rate,  are  known,  we  may  determine  Qreenwich  mean  time 
at  some  other  instant,  as  when  an  observation  is  taken,  by  the  following 

EULE  TiXXT. 

I^  WriU  dawn  the  time  hy  chnmameter^  mih  the  month  and  day  he/ore  it: 
under  thU  time  write  the  error  in  the  queatiim,  adding  it  if  slow,  rejeeting  24^  if 
greater  than  24^  and  putting  the  day  one  forward;  hut  if  the  chronometer  is  fast,  sub- 
tract the  original  error^  increasing  time  shown  hy  chronometer  hy  24*",  ifneeeeeary^ 
and  putting  the  day  one  hack;  the  result  is  the  approximate  Greenwich  date. 

NoTB.~When  an  error  of  the  ohronometer  has  heen  obtained  at  one  date,  and  another 
eiror  at  a  sahseqnent  date,  the  intenral  between  the  two  dates  being  known,  a  daily  rate 
may  be  found  by  Bole  LXIX. 

2°.  Find  the  number  of  daye  and  parte  of  a  day  to  the  nearest  hour  elapsed 
hetween  the  date  of  the  error  feeeond  error  if  two  are  gioenj  and  the  approximate 
date  hy  chronometer. 

3<^.  Multiply  the  daily  rate  of  chronometer  hy  the  daye  and  decimal  parte  of  a 
day  in  the  elapsed  time,  found  by  No.  i"*,  or  hy  the  days  elapsed,  and  to  the 
product  add  the  proportional  part  for  the  fraetion  of  a  day,  found  hy  proportion^ 
or  hy  taking  aUptot  parts  of  a  day  for  the  hours  of  the  same;  the  eum  will  he 
seconds  (*),  which,  ifahooe  60,  reduce  to  minutes  ("),  and  eeconds  (*),  and  the  res^ 
is  ike  aocomulated  ri^te. 
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4^  To  th$  approsimaU  Ore&nmch  date  (found  by  No.  i  ^)  add  the  aocomulated 
rate,  if  tonometer  is  losing,  hut  subtract  if  gaining ;  the  result  will  he  mean 
time  at  Greenwioh  at  the  instant  of  ohservatum. 

EXAXFLIS. 
Ex.  I.     1887,  Jan.  3otb,  p.k.  at  ship,  time  by  a  chronometer,  Jan.  a9<i  15^  47"'48"3,  which 
VM  9>*  i9**6  aihw  for  Greenwich  mean  time,  Dec.  ist,  1886,  and  on  Jan.  ist,  1887,  was 
ID*  24*-7  aiow  on  Greenwioh  mean  time :  required  the  Greenwich  date  by  obronometcar. 

1886,  Dec.  I  at,  ahw        9°>i9«*6  Dec  31  days. 

1887,  Jan.  i8t,  ikw       10  24-7  Deo.    i 


Ghon^  of  error  in  31  days 


'    5« 

60 

3  065-1  (a* I  losing, 
62 


Jan.     I 
Int    31^ 


3« 
3» 


The  chronometer  being  alow  and  the  error  inereasingf  the  rate  mnst  be  marked  losing. 


Time  by  chron.,  Jan. 
Original  error 


Aconmnlated  rate 


Jan. 


»9*»5*'47"48*-3 
+  'o  »4'7 

^9  »5  58  no 

+      I      O'l 


Chreenwioh  date,  Jan.        29  15  59  13-1 


Interval  from 
January  ist 
to  January 
29th  i5»»  58« 
i8  28<>i6»'nly. 


''Daily  rate 


hi 
12 

41 


2»-I 

28 

168 

4» 
58-8 

I'D 
•3 


6,0)6,0*1 

^Aoc.  rate      i«o«'i 

Ex.  2.  1887,  March  2 ist,. p.m.  at  ship,  an  observation  was  made  when  the  time  by 
ehronometer  was  March  21^  o^  ^^  55*,  which  was  sc"  5i*/m<  on  Greenwich  mean  time, 
November  22nd,  1886,  and  on  December  2 ist,  1886,  wM/ast  47'»  33«'8  for  mean  noon  at 
Cbeenwich :  required  the  Greenwich  date  by  chronometer. 

November  22nd,  chron./at<        50""5i*-o  Nov.    30  days. 

December  2 ist,  fast       47  33-8  Nov.    22 


Change  of  rate  in  2^^ 


3  i7» 
60 

29)197*2(6-8  losing, 
174 

*3» 
232 


8 
Dec.    21 

Int     29^ 


The  chronometer  is  fast  and  the  srror  deenasing,  the  rate  is  therefore  losing. 


Time  by  chron.,  March    21*  o>»  ^^s5* 

or 
Original  error 

Aocnmnlated  rate 

Greenwich  date,  March    20  23  30  32-9 


Dec. 


20 

»4 

7  55^ 
47  33*8 

¥ 

20 
10 

21*2 
11-7 

31 

21 


10 

Jan.  31 
Feb.  28 
March  20  23 

Int.      89  23 

In  finding  the  accumulated  rate^  as  the  interval  is  within  half 
an  hour  of  90  d&ys  (23}},  we  might  have  multiplied  by  90,  and 
dedacted  i-48th  (^  is  r*48th  of  a  day)  from  the  daily  rate. 


fBate 

6-8 

89 

612 

,      544 

h    d 

12 

605-2 

8 

3*4 

3 

a*3 

•8 

6,0)61,1-7 

\,Aco.rate 

10  11-7 
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ii6  &mii§^%  Ddk  if  Ckhimm$Ui^. 

wioh  meiui  time,  June  30KI1,  and  on  July  1 1^  irii  o">  ^•foH  xm  vbeRn  time  •!  Ck^senwioii. 

June  3otli,  ohron.  »low     o»47«  Jane      50* 

July  nth,     „      fait      07  30 

ChADgft  m  rale  in  ta  days       54  ^ 

— —  '    July  la 

Duly  rate         4*5  gaining.  — 

Int  12' 

In  this  instance  the  ertor  of  chronometer  dhattg^  ^^  ^'^  to^l,  Xkk  rate  4**5  is  there* 
fore  to  be  marked  gaining. 


Time  by  ohron^  Sept.  8*  o'>i3«a8«  Jnly    31 

Oiiginid  error                     —    07  la 

Sept.  8    o  13  21  19 

Accnmnlated  rate               —    4  ai  Ang.    31 


Greenwich  date,  Sept.     8090 


Sept     8 
Int.     58 


Rate  4-5 

i! 

360 

6,o)a6,i*o 
Aco.  rate      4  at*o 


EXAICFLXS    FOB  PkAOTIOB. 

I.  1887,  February  i6th,  a.m.  at  ship,  an  obBcrration  was  taken,  when  the  oorresponding 
time  by  a  chronometer  Was  Feb.  16*  7^  59**  a5«,  which  was  ao«  2  ^•'4  fast  on  Greenwich 
mean  time,  December  ist,  1886,  and  on  January  a3rd,  1887,  was  14"  2$*fut  on  Greenwich 
mean  time :  required  the  Greenwich  date  by  chronometer. 

a.  A  ohronometer  showed  April  a9^  5^  o^  o",  which  was  /<ut  33">  3o**3  on  Greenwich 
mean  tfahe,  March  Z9th,  'and  on  March  a6th  was  34^  io*fut  for  mean  time  at  Greenwich: 
required  the  Greenwich  date  by  cbronometer. 

3.  A  ohronometer  showed  May  ^^  6^  9™  48%  which  was  tlow  1 1">  9**4  on  Greenwich  mean 
time,  February  i6th,  and  on  February  a6th  was  zi«  4i**6  tUnc  for  Greenwich  mean  time: 
required  the  Greenwich  date  by  chronometer. 

4.  The  chrononrefer  showed  June  a5^  2o*«  59«  53%  which  was  o»  33»>to'on  Greenwich 
mean  lime,  March  3i8t,  and  on  April  15th  wa's  correct  for  mean  time  at  Greenwich :  r^uired 
the  Gkeenwioh  date  by  chronometer. 

5.  1887,  October  ajth,  p.ic  at  ship,  time  by  ohronometer  Oct.  %$*  8^  3i"»  ic^  which  was 
ta"  9«*a  dow  on  Greenwich  mean  time,  Jnly  aoth,  and  on  August  Z3th  was  io«  a*  thw  for 
Greenwich  mean  time:  required  the  Greenwich  date  by  ohronometer. 

6.  Time  by  ohronometer  January  19'  13^  3i»  35",  which  was  53B  ATftut  on  mean  time 
at  G^reenwroh,  October  a4th,  and  on  October  3i8t,  was  53°^  19^  fast  for  mean  time  at  Green* 
wich :  required  the  Greenwich  date  by  chronometer. 

7.  Time  by  ohronometer  November  8'  16^  34">  3%  which  was  i»  o*  dow  on  mean  time  at 
GiiMuwich,  July  3i8t,  and  on  August  lath  was  o»  a**4  alow  on  mean  time  at  Greenwich. 

8.  Time  by  chronometer  August  i^  o^  3*^  o*,  which  was  6*  4*  fast  on  mean  noon  at 
Greenwich,  Miy  sist,  and  on  June  14th  was  4">  9.*'2flat  for  GFreenwich  mean  time. 

9.  Time  by  chronometer  May  i^  13^  33"  to%  chronometer  comet  for  mean  time  at 
Greenwich,  February  afnd,  and  on  February  a8th  was  o"  a6"-o  dow  on  Greenwich  mean 
time. 

10.  Thne  by  chrondmeteir  Janvaty  ao^  o^  4«  az%  which  was  tc^fatt  on  mean  time  at 
Greenwich,  Notember  ioth,  M6,  and  on  December  loth,  1886,  was  4*fut  on  mean  time 
at  Greenwich :  required  the  Greenwich  date  by  chronometer. 

I I .  Time  by  ohronometer  September  2*j*  16^  34"  31%  which  was  o»  ao«  /ktt  on  mMm  time 
at  Gretewioh,  April  19th,  and  on  May  9th  was  o»  t8«  slow  for  Greenwich  mean  time : 
required  the  Greenwich  date  by  chronometer. 

13.  Time  by  ohronometer  April  16^  5^  36"  ia%  which  was  i"  a*  dow  for  mlean  time  at 
Greenwich,  Januaiy  a4th,  and  on  February  a8th  was  t^^fut  for  Greenwich  mean  time. 
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&r0mwich  Date  iy  Chnmamei&r.  l2f 

173»  When  the  *'  chronometer  question  "  is  given  in  a  form  similar  to 
that  below,  we  have  to  determine  for  oorselyes  the  day  of  the  month  at 
Greenwich,  that  is,  if  the  ihub  sboWn  hj  ehronoDMter  was  I^  2**,  3^  &c.,  on 
the  civil  or  on  the  astronomical  day;  for,  a  frequent  source  of  embarrassment 
in  interpreting  the  indications  of  a  chronometer  arises  from  the  division  of  its 
tee  faito  twelve  instead  of  twenty-four  parts^  so  thai  the  same  poeitioA  of  the 
pointer  retovsents  two  peiriodB  of  Ae  day  twelve  hours  distant.  Thos^  at  %^ 
past  noon,  and  again  at  14*"  past  noon  the  hands  are  in  the  same  place,  and 
it  is  necessary  to  determine  wheOier  it  should  be  read  as  2^  or  14*',  5*"  or  17^ 
6^  or  18^  past  noon,  and  so  dn.  !I\>  determine  tiik  point  prooeed  6Kx)ording 
to  this  rule : — 

SULE  Lxxn. 

1^  CM  an  approasimUe  OtMmoieh  M0  hy  imam  ^  tk$  niimaUi  Mp  mean 
Um  and  ike  lan^Uuds  dy  a^cawU  (Bule  LYUI,  page  179). 

t\  Jntfmd  M  dirwied  in  Rule  LS^XI,  pag«  218,  to  apply  the  wriffind  mrar 
and  aeeumulaM  rate  to  the  time  hy  ehronameter. 

If  the  diffdre&oe  between  Greenwioh  dates  thus  fowrd  by  the  two  methods  is  nearly  ti\ 
then  the  Qreenwich  date  by  ehrtm&meterf  found  as  above,  must  be  io  creased  by  ii^,  and  the 
dajfput  cm  back,  so  as  to  make  the  two  dates  agree  both  in  the  -day  and  hour  neatly. 

ExAimiSs. 

Ex.  I.  August  3rd,  at  about  3^  p.ii.,  longitude  by  aoot.  75^  W.,  the  chronometer  marks 
V»  iitt  7*,  and  is  6™  10^  f tut  on  GteeAwich  theaen  time:  What  is  the  Oreenwich  astronomical 
date? 


Approx.  T.atvbip,  Aug.      3'  3**  0^ 
Lwigitade  75<>  W.  +    5    © 

Approx.  Qreen.  date,  Aug.   380 


Time  by  ohron.  «^i*  7* 

Error  of  cliron./Mf  ..  6  10 

Ghreen.  date,  Aug.  3rd  ^    4  57 


In  this  example  the  approximate  Greenwich  time  is  8^,  it  is  evident  that  the  chronometer 
must  have  shown  8^  from  noon  also. 

Ex.  2.  June  1 8th,  at  10^  5a»  p.m.,  mean  time  at  ship  nearly,  long.  60**  W.,  an  observation 
was  taken,  when  a  ehronomelbr  showed  a^  48"*  40*,  on  June  6th  its  error  was  known  to  be 
3»  lo^a  fui  on  Greenwich  mean  time,  and  its  mean  daily  rate  zs  gaming :  required  the 
i  time  at  Greenwich  when  the  observation  was  taken. 


Apprbz.  Ship  date,  ^une      i%^i<^s±^   Interval  from  | 

Daily  Ate 

3"5 

Longitude  6dP  W.                +    4    0 

June  6th  to 

la 

June    18^ 

m^. 

Approx.  Green.  da(te            18  14  5a 

H^  5*-  U, 

h    d 

4a-o 

la*  §4*  5t" 

'*    ♦ 

1-7 

=   I2<»  15b 

3    t 

'4 

nesrly. 

^cerate 

44'« 

Chronometer  showed 

ak48»4o« 

Original  error 

—  3  io-a>rt 
*  45  ay* 

Accumulated  rate 

—      44-1  gaming 

June 

I9«»  a  44  45'7  A.M. 

—  la    0    0 

.  * .  Green,  date,  June 

18  14  44  457 

In  this  instance  we  see  that  a*^  by  the  chronometer  must  be  reckoned  at  i4*>,  that  is,  la*^ 
must  be  added  to  the  indication  of  chronometer,  and  the  day  put  one  back. 
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TO  FIND  THE  HOUR-ANGLE. 


174*  GKven  the  true  altitude  of  an  object,  its  declination,  and  the 
latitude  of  the  obsenrer,  to  find  the  meridii^n  diataaoe  or  hour-angle. 

RtTLE  LXXTTT. 

1^    IVnd  the  polar  duiance  hy  Bule  TiXT,  page  187. 

2^  Add  together  th$  true  altitude^  latitude^  and  polar  dittance;  take  half  their 
ium^  and  from  the  halfeum  iubtraet  the  true  aUUude^  which  call  the  remainder, 

3^  Add  together  the  secant  of  latitude^  coeecant  of  polar  dietanee^  cosine  of  half 
sum,  and  sine  of  remainder;  the  sum  of  thesr  logs,  f refecting  10  from  the  index  J  ^ 
will  he  the  log.  of  sun*s  hour-angle  (Table  31,  Nokib)  ;  or  sine  square  of  sunU 
hour-angle  (Table  69,  Bafee). 

When  the  polar  disUnoe  ezoeeda  90^,  take  oat  the  aeoant  of  redaoed  deolination ;  or  sab- 
traot  the  polar  distance  from  180%  and  take  the  coeecant  of  the  remainder.  (See  Boles 
XX  and  XXI,  pagee  53-54)* 

(a)  JFhen  both  the  latitude  and  declination  are  o,  take  the  true  altitude  from  90", 
and  so  get  the  tenith  distance,  which  convert  into  time  by  Bule  LYI,  page  177, 
or  by  Table  XIX,  Nosib,  or  Table  17,  Bapeb  :  the  result  is  the  hour-angle. 

The  hoar- ingle  can  also  be  fonnd  without  a  speoiwl  table,  as  follows :— Find  the  sum  of 
the  four  logs.,  8S  above,  and  diyide  by  a :  the  result  is  the  lo^.  sine  of  hd{f  the  honr-angle 
in  are.  From  the  Table  of  log.  sines  find  the  arc  corresponding  thereto,  which  mnltipUed 
by  2,  and  converted  into  time  (Rale  LVI,  page  177},  is  the  hoar-an^le  soaght  It  is  thas 
evident  that  the  complete  solution  may  be  obtained  by  means  of  tho  Table  of  log.  sines, 
ftc,  alone. 

ExAlCFLBS. 


Cbmettonfir  teeonda  ('). 

The  pol.  dist.  being  greater  than  90^ 
take  the  scant  of  decl.  for  the  cosec  of  poL 
dist.,  and  add  the  prop,  part  for  8'. 

io7<»  9'  o"  cosec  0*019753  Diff.65 
Farts  for    8  +5  ^ 


Given  the  true  alt.  25°  23'  41', 
t'  o.,  whence 


lat.  31°  i7'N.'»  dccf.  iV^Vi"   ...,  w««, 
pol.  dist  107^  9'  8*:  find  the  hour-angle. 
Altitude         25*23' 41" 
Ijatitade        31  17    o     sec.     0*068232 
Polar  dist    107    9    8     oosec.  0*019758 


io7*»  9'    8"     coseo.  0*019758 


5.*o 

ab8frvation.-^Alwm  out  off  two  fignr$9  when 
working  for  saoondt  of  aro. 


COS.  9*148915 

—      800 


8i»j4'  o* 
Parts  for  54 


8i*S4'54'      00S.9148115 


Diff.  1481 
54 


^'^3  49  49 
>'  54  54 
56  3«  »3 


oos.     9*148115 
sine    9*921208 


56*31'   o' 
Parts  for  13 


799i74 

tine  9*92 1 1 90       Diff.  1 39 

+       18  13 


Hour-angle =ii^58<"i  I*    log.    9-15731,3 

'57H 

7-i» 

iroTS.~In  NoEix,  Table  XZXI,  the  next  less  log. 

to  15731  ie  i5724t  vhioh  giTes  a^  58-  io>,  and  dilL  7 

gives  !•  to  add,  whenoe  the  tenn  oorreeponding  to 

9*15731  is  ak  58>  ii«. 


56®  3 1'  1 3*       iins  9*92 1 208 


417 
'39 

18,07 
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Ex.  a.    OiTen  the  true  altitude  40°  10'  13',  latitade  ^o^  ii'  N.,  red.  decl.  2^^  19'  5*  N., 
vhenoe  poUr  ditt.  is  66^  40'  55" :  find  the  hoiir*angle. 


d6»4o'   ©• 
TtaUtatsS 


ooeeo.  0-037055 
—      50 


^*  40'  55'      coeeo.  0-037005 


68>3^   o* 
Bute  for  34 


coe.  9*562146 
—     183 


68^  36'  34*       001.  9*561963 


Difl:9i 

55 

455 
455 

5o»05 

Diff.  537 

34 

2148 
1611 


Altitude 
Lntitnde 
Polar  diBt. 

Sam 

Half  sum 

I  sum— alt. 

Hour-angle 


40*  20'  13' 


sec     0-063348 
ooMO.  0037005 


oof.     9*5^19^3 

sine    9-675472 


3>»42»29P    log.   9*33778.8 
55 


12 

12    0 
4055 

137 

«3 

8 

68 

36 

34 

28 

16 

21 

a«»i6'   o* 
Parts  for  2 1 


sine  9*675390 
+       82 


2  8*  1 6'  2 1  *        sine  9*67547  2 


182,58 
Diff.  391 


39 » 
782 


82,11 

Ex.  3.    Ijatitade  0*,  declination  o^,  troe 
altitade  30** :  required  the  honr-angle. 

Tme  altitude  36*  o' 

90    o 


Zenith  distance       60 


6,0)24,0    o 
Homvangle  4^  on  o* 


In  NoaiK,  Table  XXXI,  we  seek  for  the  neareet 
lo9*  to  9'33779i  the  nearest  to  which  is  9*37755t  whioh 
oorresponds  to  3^  4s*  2$*,  then  in  oolnmn  prop,  parts 
we  look  for  24,  whioh  gives  4*  to  add ;  whenoe  the 
hour-angle  is  3^  42*  ag^. 


Ez«  4.    Qiven  true  altitude  75^,  latitude 
0%  declination  o^ :  find  the  hour-angle. 

True  altitude  75'  o' 

90    o 


Zenith  distance 


Hour*angle 


6,c)6,o    o 
i>»o"o» 


FiTAMPT.TO   FOB  PKAOTIOB. 

Bequired  the  hoar-angle  or  meridian  distance  in  each  of  the  following 
examples : — 


Tme  altitude 

II«2l'29<' 

Latitude 

30*15' a 

DeoUnation 

I5»2i'   4«'N. 

»f 

30     2     4 

)• 

39  >7  8- 

i» 

5  48  >3  N. 

f 

27  48  22 

»» 

40  10  N. 

»» 

23  26  44  N. 

»» 

34  49  46 

» 

39  «o  8« 

»i 

ai  15    7  S. 

•> 

25  38  II 

>f 

0  29  N. 

»» 

»3     I  55  N. 

)» 

»5  59  «3 

»» 

60    5  N. 

•» 

7  >5  38  8. 

7. 

>f 

29    2  27 

>» 

0    0 

99 

000 

8. 

n 

JO  34    4 

» 

0    0 

f» 

23  27  21  N. 
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LONGITUDE  BY  CHEONOMETER, 

FROM  AN  OBBBBYED  ALTITUDB  OF  fHB  tUV. 


175.  The  XK>ngitade  of  a  place  may  be  deiermined  by  rariouB 
methods,  but  that  of  a  ship  which  is  beyond  sight  of  land  can  be  ascertained 
astronomically  only  by  what  are  called  lunar  observations,  or  by  obtaining 
the  mean  time  of  the  day  or  night  from  the  observed  altitude  of  a  celestial 
body,  and  comparing  it  with  the  time  shown  by  a  chronometer  which  is 
supposed  to  express,  at  every  instant,  the  mean  solar  tiioe  at  Greemwieh. 

The  principle  on  which  the  processes  of  the  various  methods  of  determining 
the  longitude  of  a  station  are  founded  ia  the  same  in  all  cases,  and  consists 
ia  a  determination  of  the  time  at  Qreenwioh  and  at  the  place  of  ship  at  the 
same  physical  instant ;  the  di£Parence  between  those  times  being  equal  to  the 
difference  in  longitude  between  Oreenwich  and  the  ship.  This  is  obvious, 
for  since  apparent  time  at  any  place  is  expressed  by  the  angle  (in  time) 
between  the  meridian  of  a  place  and  a  horary  circle  passing  through  the  sun 
at  the  instant,  the  difference  between  the  apparent  times,  and,  consequently^ 
between  the  mean  times,  at  two  places  at  the  same  instant  must  be  equal  to 
the  angle  in  time  between  the  meridians  of  the  two  places.  Hence,  the 
problem  of  finding  longitude  resolves  itself  into  two  distinct  parts :  ist.  The 
determination  of  the  mean  time  at  the  station  of  the  observer,  and,  2nd.  The 
determination  of  the  mean  time  at  the  first  meridian. 

The  observation  of  an  altitude  of  a  heavenly  body  enables  us,  with  the 
assistance  of  other  elements  given  in  the  Nautical  Almanac— the  declination 
and  neeessaiy  corrections,  and  the  known  latitude^to  compute  the  hour* 
angle  of  the  body. 

The  body  observed  may  be  (i)  the  Sun,  (2)  the  Moon,  a  Star,  or  a  Planet 
—the  moon  famishing  the  least  reliable  means  of  solving  the  problem* 

The  error  of  the  chronometer  on  Qreenwich  mean  time  at  a  given  date  and 
its  error  being  known,  we  thence  find  the  Ghreenwich  mean  time  corresponding 
to  the  instant  when  the  observation  is  taken  for  determining  the  ship  mean 
time ;  consequently,  the  mean  time  at  ship  having  been  obtained  by  an  altitude 
of  the  sun,  star,  &c.,  the  mere  comparison  of  that  time  with  the  time  indicated 
by  chronometer  will  give  the  longitude  of  the  ship.  This  is  the  most  con- 
venient and  constant  method  of  finding  the  longitude  at  sea. 

17C.    In  the  following  problem  two  chronometer  wor»  are  given,  which, 

by  means  of  the  elapsed  time,  give  a  daily  rate:  hence  proceed  as  foUows: 

BULB  TiXXTV. 

i\  WriU  down  the  time  ly  ehronomter^  tcith  the  manih  and  day  be/are  »V, 
under  thu  Urn  write  the  eeeond  errer^  adding  if  it  ie  slow,  subtracting  if  it  ie 
fast 

2"".  Next,  multiply  the  daily  rate  hjf  the  number  ofdaye  and  decimal  parte  0/ 
a  day  elapted  between  the  time  at  whieh  the  rate  wae  last  aeeertained^  and  the 
Greenwich  time. 

Turn  this  product  into  minutes  and  seconds. 
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(a)  Adding  ih0  rsntli  to  the  ehrMometer  time  (found  in  i"*  above)  when 
ike  rate  u  losing. 

(b)  Subtracting  the  reeuUfram  the  chronometer  time  (found  in  i""  aboTo) 
when  the  rate  u  gaining. 

This  will  give  the  Ghreenwich  mean  time  by  the  chronometer  (see  Bule 
TiXXT,  page  218). 

3^  Take  out  the  eun's  declination  and  the  equation  of  time  for  the  noon  of 
€hremiwidi  date,  from  page  II  of  the  numth  in  the  Nautical  Almanaoi  and  the 
oorretponding  hourly  difference  for  eaeh^  from  page  I^  Nautical  Almanac :  aleo 
take  out  the  eunU  eemidiameter. 

4^.  Beduie  the  turie  declination  and  equation  of  time  to  the  Oreenwich  time  h/ 
correcting  them  for  the  mean  time  at  Greenwich  (Bules  TJX  and  LXII,  pages 
183  and  188). 

5^  Mark  the  corrected  equation  of  time  "  added  to  "  or  ''  subtracted  from  " 
apparent  time^  ae  directed  hy  the  heading  of  the  column  ofJEq,  T.  in  page  I  of  the 
month  in  the  Nautical  Almanac. 

6^  For  tbe  Polar  Bigtance.— Subtract  the  reduced  declination  from 
90%  if  latitude  and  declination  ^same  name;  hut  if  of  iiSerent  names  add 
90^  to  declination. 

f.  Tot  tbe  True  Altitude.— CWr^^  observed  altitude  for  index  error 
(dh)»  ^  ( — )>  {refraction  ( — ),  parallax  (+),  or  correction  in  altitude  ( — ),  and 
oomiiiametcr  (+),  and  thue  get  the  true  altitude  (Bule  T<XTTT,  page  192). 

8^    Find  the  hour-angle  or  meridian  dietance  (see  Bule  LXXTII,  i"",  3"").* 

9^  When  the  oheervation  is  made  in  the  aflemoony  that  is^  the  question  gives 
P.M.  at  shipf  the  hour-angle  is  apparent  timei^a^^  noon  of  the  given  day  at  ship 
-"--kcfore  which  write  the  date  at  ship;  hui  if  the  observation  is  made  in  the  morning^ 
that  is^  the  question  gives  a.x.  at  ship,  take  the  hour-angle  from  24^  the  remainder 
to  apparent  time  at  ship  reckoned  from  noon  of  the  preceding  day^  the  time  at 
place  in  loth  instances  being  expressed  in  astronomical  time. 

£XA]CFIJU> 


El.  I.  Jsnuary  6th,  p.m.  at  ship;  sup- 
pose the  fan's  honr-aogle  to  be  3^  40"  i8«: 
mboi  is  the  apparent  time  at  ship  P 

Here  the  time  being  p.k.,  we  have  the 
sAiip  date  app.  time,  January  6*  3*1  40"*  i8«. 


Ex.  a.  January  6iiip  ajc*  at  ship;  sap* 
pose  the  son's  hoar-angle  to  be  3>^  40"*  i8« : 
what  is  the  apparent  time  at  ship  P 

Here  the  hoar-angle  is  3>>4o»  1 8> 

34    o    o 


Ship  date  app.  T.,  Jan.  5th    ao  19  41 


•  In  finding  longitude  by  chronometer  the  logs,  nied  in  finding  the  hoqr-angle  are 
skqofaed  to  be  taken  oat  for  seconds  of  arc. 
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Ex.  3.  June  ist,  p.m.  at  ship ;  sappojie 
the  hour-angle  to  be  3^  54'»  39" :  required 
the  apparent  time  at  ship. 

Here  the  time  being  p.il,  we  have  the 
app.  time  at  ship,  June  1^  3^  54"  39** 


Ex.  4.  June  ist ;  A.v.  at  ship;  suppoae 
the  hour-angle  to  be  3^  54"  39" :  what  is 
the  apparent  time  at  ship  P 

Hour-angle  3'*54"39* 

94    o    o 


App.  T.  at  ship,  ICay  3 ist      10    521 


On  comparing  these  examples  vith  paragraph  9%  which  thej  are  intended  to  illnstrnte^ 
the  seaman  will  have  no  difficulty  in  understanding  that^  since  the  sun's  Honr-aogle  li  iho 
Distance  (in  time}  of  the  object  from  the  meridian,  if  the  obserration  is  made  in  the  altera 
noon  (P.M.),  Itf  in  Ex.  I,  the  time  will  be  3*^  40^  i%*pa9t  nwm  of  the  6th  day;  that  is,  the 
•hip  date  (astronomical  time)  is  January  6*  30  40^  i8«— the  astronomical  day  eommeucinjg 
always  at  noon;  but  if  the  obserration  be  made  in  the  momiog  (iLic),  the  hour-angle  will 
be  the  time  hrfor$  noon  of  the  6th  day ;  or,  as  shown  in  Ex.  2,  20^  i^n  42"  past  noon  of  the 
day  before— that  is,  January  s^  ^^  19°^  4>*-  ^^  Bx.  3,  similarly,  the  obserration  being 
7.M.,  the  time  will  he  3*^  54'^  39*  past  noon  of  Jaue  ist,  while  in  Ex.  4,  the  obserration  being 
A.1C,  the  time  will  be  3**  54'»  39'  befbrt  noon  of  June  ist,  t.*.,  20>»  5-  2i»  past  noon,  May  31st 

O&f.— In  the  new  edition  of  Norib's  Tables  the  hour-angle  is  so  arranged  that  irhen  the 
obserration  is  made  p.m.  at  ship  it  is  read  from  the  top  of  the  page ;  when  A.M.,  from  the 
bottom,  using  the  next  ^r^atir  log.  to  the  giyen  one,  and  it  will  be  the  apparent  time  at 
ship,  reckoning  from  the  day  before  the  ship  date ;  in  which  case  the  necessity  of  deducting 
from  24^  (as  explained  in  paragraph  9^)  is  obviated. 

10^.  To  apparefU  Ume  (U  ship  apply  ih$  reduced  equation  of  HmOf  adding  or 
snbtracting  as  direoted  in  page  I,  Nautical  Almanac,  tmi  so  get  wMm  Hm^^ 
which  must  he  ma/rhcd  with  the  proper  aslroiiaillical  day  of  the  month. 

1 1^.  Under  ship  mean  time  put  Greenwich  mean  timc-^ixoi  forgetting  the  day 
in  each  oaee  i^9uhtraet  the  less  from  the  greater;  the  remainder  fs  longitsida  m 
timCf  which  eon/vert  into  or^— degrees  (^)i  minutes  ('),  and  seconds  (") ;  ^§e 
Bule  LVn,  page  ^^^t  ox  Table  17,  BafbBi  or  Table  XTX,  Nobu. 

In  taking  the  difference  of  Ghreenwich  mean  time  and  ship  mean  time,  if  the  days  of  the 
month  be  different,  it  will  be  necessary  to  add  24  to  the  hours  of  the  more  advanced  (that 
is,  the  one  whose  days  are  most),  in  order  to  enable  the  subtraction  to  be  made. 

12^.  CaU  the  longitude  West  when  Oreenwich  titne  is  greater  than  sh^  mfn 
tiwic  :  hut  East  wh^n  Oreenwich  mean  time  is  least* 

The  following  examples  illustrate  this  portion  of  the  Bule : — 

Ti!T4¥TT.ls> 


ExAXPLl  I. 

Hean  time  at  ship        Jan.  i9<i  a^26»  2* 
Hean  time  at  Ghreen.    Jan.  29'  6  26  47' 


Longitude  in  time 


4    o  45 
60^11' 15' W. 


ExAXPLi  n. 

Mean  time  at  ship    Feb.  28^  i6>*20B45> 
Mean  time  at  Gbeen.  Feb.  28'  20  16  50 


Longitude  in  time 


$  5^    S 
59^.  X'  '5'  W. 


ExAMPU  nL 


M.T.  ship 
H.T.  Gbeen. 

Longitude  in  time 

Iion^nde 


May  20*  5*»44«  3* 
May  20^  o  20    9 

5  ^3  54 


8o*»58'  30*  E. 


9xAM?£Biy. 
M.T.  ship  July  2*  2oi'26"53> 

M.T.  Green.  July  2'  16  t8  48 

Longitude  in  time 


4    8    5 
6»*»  I'l^'B. 
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Ill 


Sujypoitt  the  date  at  ship  deduced  from 
Mtb  mnk  to  be  March  6^  ^  3"  38*  M.T., 
aad  the  M.T.  at  Greenwich  to  be  March 
5*  20k  8"  i5«. 

In  thi#  instaiiee  the  Mp  date  is  one  day 
m  eLimmm  of  (}reea.  date,  we  therefore  add 
34^  fe»  the  ship  date  to  eaable  qb  to  make 
the  eabtraotion. 


H.l!.  at  ship 
M.t.  at  OTtton. 

Ixmgitade  in  time 

Lmgiiudie 


March  5^  20 


3-. 
8  15 


8  55  ^3 
133^50' 45*  E. 


Example  YI. 

Suppose  the  date  at  ship  deduced  from 
the  work  to  be  August  8*  i7>»  2o«  io« 
M.T.,  and  the  M.T.  at  Greenwich  August 

^d  |h  ^o™  30*. 

In  this  case  itf^  must  be  added  to  the 
Green,  date  to  enable  us  to  make  the  sub- 
traction, the  Orem,  date  being  one  day  in 
advance  of  the  ship  date. 


M.T.  at  ship 
M.T.  at  Green. 

Longitude  in  time 

LoHffitude 


Aug.  8«*  i7»«ao»io" 
Aug.  9*    I  40  30 

8  ao  20 


115''  5'   o-'W. 


EZAMPLB  yil. 

Suppose  the  date  at  ship  deduced  from 
the  work  to  be  Jan.  ^i^  21^  io">  41%  and 
the  mean  time  at  Green,  to  be  February 
,d  %^  ^o»  48*. 

In  this  instance  the  Green,  date  i^  one  day 
im  AfinMiM  of  ship  date,  we  therefore  add 
24^  to  Green,  time  to  enable  us  to  make  the 
Buiitiselion. 


M.T.  at  ship 
1I,T.  at  Green. 

liOBgitoie  in  time 

Longitude 


Jan.  31*  2i*>io'»4a» 
Feb.    i«»    8  50  48 


ir  40    6 
175*  i'3o'W. 


EZAMPU  YIII. 

Suppose  the  date  at  ship  is  Kovembet 
Id -h  ao-  30*  M.t.,  and  the  date  at  Green. 
IS  Oct.  30^  2o»«  i7«»  i5«  M.T. 

Here  the  24)^  must  be  added  to  the  ship 
date  to  enable  us  to  make  the  -subtraction^ 
the  ship  date  being  one  day  in  advance  ox 
the  Gre<in.  date. 


M.T.  at  ship 
M.T.  1^  Greed. 

Longitude  in  time 

Longiiude 


Nov. 


7»»ao»3o« 


Got-  30*  20  17  15 
"     3  '5 


i65048'45'B. 


NoTB. — When  the  latitude  at  noon  is  given,  the  latitude  in  at  the  time  of  observation 
mnat  be  found  by  means  of  the  cotirse  steered,  and  distance  sailed.  The  dlff.  of  lat.y^MH 
noom  is  to  be  named  Korth  or  South,,  aooording  as  the  ship  at  the  time  of  observation  ia 
Korlh  or  South  of  her  latitude  at  noon.  When  the  longitude  is  found,  as  in  Eas.  i  to  6 
(or  acoording  to  paragn^hs  ii*  and  12*,  above),  the  diff.  of  long,  between  the  ship  at  th« 
tiane  of  observation  and  noon  must  be  applied  to  find  the  longitude  at  noon.  The  diff.  of 
Wng.  ia  to  be  named  East  or  West,  aooording  aa  the  ship  ia  East  or  Weet  of  ite  posltioa  at 


Bs.  I.  1887,  Jaftusry  nth,  p.m.  at  ship,  latitude  49*  30'  N.,  the  observed  altitude  son's 
£X.  waa  12**  aoi'  jo*,  height  of  eye  18  feet,  time  by  a  chronometer  January  zi'  6^  44«  36* 
QM&nigtM.  at  Ghreenwioh),  whioh  was  6"  8*-3/a«<  for  mean  noon  a€  Ghreenwioh,  September 
isty  1S86,  and  on  Sdptember  30th,  1886,  was  8"  \%^faat  on  Greenwich  meui  time :  rtqtihred 
thfi  longitude  by  chronometer. 


Sept.  ist,  i&xfm.fast     6»  8«-3 
30th,     „     fast     8  4a  -0 

Sept. 
Sept. 

30 

I 

Change  in  29  days       a  33  7 

Int 

»9 

»9)i53-7(5-3 
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T.  by  chron.,  Jan. 
Original  error 


Aconmnlated  rate 


II*  6'»44«36» 

"     ^  35  54 

—    9     7 


21  46    3  8. 
Ill  46    3 


(a)  Interval  from 
Sept.  30th  to  Jan. 
I  ith  6J»»  iB  103^  6\ 


Green  date,  Jan.      11    6  26  47 

ThJiHd  the  interval  from 
JBept.  ^oth,  s886,  to  Jan,  iieA,  1897. 
Sept.    30 
30 

o 
Oct.  31 
Nov.  30 
Dec.  31 
Jan.     II 

Int.    103* 


De61.»  page  II,  N.A. 
Jan.  I  ith,  noon    1 1*  48'  35'  8.  d$or. 
Correction  —    a  32 

Bed.  ded. 

Polar  diflt. 


Daily  rate 


5-3 
103 

»59 
530 

5459 
1*3 


Obe.  alt  O's  l.l.    I2»  20'  30' 
Dip  —    4    4 

St.  +*    9  I      -    *   » 

12    12   17 

Semidiameter         -f-  >^  '' 


Tmealt. 


11  18  35 


M54,7'3 
Ace  rate     9  7-3 


By  Sapor's  Tables :  dip  — 
4'  io%  refr.  —  4'  13',  par.  + 
9',  eemid.  4- 16'  18%  and  true 
alt  120  28'  14'. 


H.D. 

a3>9 

^•45 

"745 
9396 
14094 


6fO)ts,V5ios 


Eq.  T.,  page  II,  N.A.  H.D. 

Jan.  nth,  noon    8»8«-4iipMr.  o*'983 

Correction           +    ^*3  ^'4S 

Bed.  Eq.  T.           8  14*7  4oi« 
Tobe«UWtoA.T. 


6-34035 


Ooir.  —  a  31*5 


Altitade 
Latitude 
Polar  diet. 

Snm 

Half  sum 

Bemainder 

HoQr*angle 


12*28' 35* 

49  30    o 
III  46    3 


'73  44  38 

86  52  19 

74  »3  44 

eec.    0*187456 
ooeeo.  0*032127 


oos.    8*736936 
sine    9*983690 


2^i7">2i*      log-    8-940209 


App.  T.  at  ship, 
Eq.  time 

H.T.  ship, 
M.T.  Green., 


Jan.  11'  2i>i7»2i> 
+  8  15 


Jan. 
Jan. 


2  a5  36 

6  26  47 


Long,  in  time  4    i  it 

Longitude        60°  17*  45*  W. 
By  Maper  :  Log.  sine  sq.  (sum  of  lo^e.) 
8*940440  gives  hour-angle  2^  i7<"  23%  foNf. 
60^  17'  15*  W. 


Hie  obeervation  having  been  made  in  the  afternoon  (p.if .)  at  ship,  the  hour-angle  a*>  i7«>  2 1* 
will  be  2*>  i7»  2fpatt  noon  of  the  1  ith  day,  that  is,  the  apparent  time  at  ship  (astronomioal 
time)  is  January  11^  a**  i7»  21*  (see  Bule  LXXIV,  9%  page  225). 


Ex.  2.  1887,  May  20th,  p.il  at  ship,  latitude  50°  43'  N.,  obs.  alt.  sun*s  Lx.  17''  10',  index 
oorr.  —  I'  39*,  height  of  eye  28  feet,  time  by  a  chronometer  May  20^  o^  19"  53"  (or  o^  19^  53* 
P.M.),  which  was  33" /m<  on  mean  noon  at  Greenwich,  March  aoth,  and  on  April  ist  wai 
23"*4/a9/  on  Greenwich  mean  time. 

March  20th,  chron./«<    0*33*  April    30 

April  ist  „     fatt    o  23*4  t 

Change  in  12  days      12)9*6  29 

—         May  20 

Daily  rate  cS  Mfy-  *— 

Inl  49* 


March 

31 

20 

II 

April 

I 

I«k, 

12^ 
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T.  Vy  ohron.,  May  ao*  o"»i9"53« 
Original  motfut        —        33*4 


o  19  a9'6 
+        39> 


Accamnlated  rate 


Green,  date^  May     ao    o  ao    9 


Interral  from 
April  1 8t  to  May 
aoth  is  49'.* 

Bate  o«*8 

Interral    X  49 

Ago.  Bate    39-a 


By  B9p$r :  Dip  —  5'  lo*,  refr.  —  3'  9',  par. 
-f  8*,  wmid.  +  15*  50',  true  alt  17*  16'  </. 


Ob«.  alt.  O's  L.L.    17*  10'   o^ 
Index  corr.  —    '  39 


Dip 

Corr.  alt. 

Semidiameter 


H.  diff.,  May  aoth  +  31**36 


Tmealt. 
U.  diff..  May  aoth 


3«-3^ 


ao»|Jh| 


Oorreotion 
De61.»Ma: 

Bed.  dad. 


Oorreotion 


De61.»  May  aoth,  noon      19  $%  15  N.  iim,  Eq.  Time,  May  aoth,  noon  3»42**90 

Bed.  Eq.  time  3   4a*S5 

I  A.T ' 


17  8 
—  5 

ai 
5 

«7  3 

—  a 

16 

SS 

17  0  ai 
+  '5  50 

17  16 
—  o*-'34 

II 

0-134 

—  -045 
3'»4»*-90 

Polar  diet. 
Altitude  17*  16' 11' 

Jjatitade  50  43    o 

Polar  diat.       70    i  35 


ij8    o  46 


Half  ram  alt  69    o  a3 


SI  44  " 


19  58  as  N. 
90 

70    I  35 

see.    0*198489 
ooeeo.o*oa694i 


«>••    9*554»o3 
tin.    9*894965 


Hour-angle 


flbioe  the  nn's 
T.it.  in  this  UTiuniJft,  the 


5h47»a9«      log.    9*^7459* 

I  the  dietano 
(or  hour-AOf 


(To  be  tubtracUd  from  A.T.) 


App.  T.  Ship,  May  aoth  sHl^^9^ 

Eq.  Time  ~-*    3  43 

Mean  T.  Ship,  May  aoth         5  43  46 
Mean  T.  Oreen.,  May  aoth      o  ao    9 

Long,  in  time  5  a3  37 

Longitude  80"*  54'  i  c'  E. 

By  Sapir :  Log.  aine  sq.  (sam  of  logs.) 

9*674640  givee  hoar-angle  5*^  47™  31%  long. 

80^  54'  45'  B- 


be  5^  47>  %^na$t  noon  of  the  aoth  day;  hence  the  app. 


s  is  the  dietanoe  (time)  of  the  objeot  from  the  meridian,  and  the  ohaerratLon  is 
le  (or  hour-angle)  wUl  be  5^  4 7>  agiiiNW^  i 
tixM  at  ship  is  May  2o4  5^  47*  ag^  (see  Bule  LXZIV,  9^  page  225). 

Ex.  3.    1887,  Jnly  3rd,  A.!!,  at  ship,  latitude  3a°  10'  S.,  obe.  alt  ann'a  l.l.  14®  10'  15% 

iiidez.  oorr.  -(-  i'  aa%  height  of  eye  19  feet,  time  by  a  ohronometer  July  2^  i6i>  33'"  as*  (being 

3'  4^  33™  as*  AJi.  at  Oreeawioh),  which  was  17™  i€^^fiut  for  Greenwich  mean  noon,  May 

i6thy  and  on  Jane  ist  was  16"  i%*faai  for  mean  time  at  Greenwich :  required  the  longitude. 

May  31  dayi.  May  16th,  Chronometer /a«<  i7ni6**4  June     30  days. 

16  June  ist,  „  ftui  16  aa*o  i 


Jane   i 


Int.  16 

T.  Vy  ohron.,  July  a*  i6»»33«aa« 

Ori^^nal  error  —       16  aa 

Jnly  a  16  17    o 

Accnmolated  rate  -|-         i  48 


Change  in  16  dajv 
Daily  rate 


54-4 


Interval  irom 
June  ist  to  July 
and  161^18  31'  i6^ 


Green,  date,  July 
^Dme  Defore  noon 
or, 


a  16  18  48 


3    7  41 


Daily  rate 
Interral 


3-4 
3« 

34 
loa 


a9 
July       a  i6i> 

3-4ft»»#V      ,,     

andlnt3i  16 

Obe.  alt.  O's  l.l.  1^  10'  15* 
Index  oorr.  -)-    i  aa 

Dip 

Oorr.  alt. 


7-7 


BeeL  a&d  S4.  of  Time  are  taken  out  of 
JTamikal  Almmac  tar  the  noartti  noon 


6 
6|0)'0>7*7 
»  47*7 


Semidiameter 
True  alt. 


14  II  37 

—  4  II 

'4    7  a6 

—  3  35 

H    3  5' 
+  '5  46 

»4  19  37 


By  Saptr:  Index  corr.  -4- 
i'  22%  dip  —  4'  15*,  refr.  ,1 
3'4»%Far.+  «%iemld.+ 
t5'4^,tMiall.t4''i9'a<^ 

Digitized  by  LjOOQIC 


«3* 


IJ9l^i0^^Kw$  Off   f^fiffUftfttvtt* 


Ddcl.,  pag«  n,  N.A.  H.D. 

July  jrd,  noon  ai^  58'  50^  N.  ^mt.    -{•  1 1*'^ 
OoiTtctien       -{•    i  3a  7*7 


Bed.  deol. 
VoLu  diat. 


Altitade 
Latitude 
Polar  diat. 


33    o  aa  N. 
113    o  aa 


J^393 
»393 

6,0)9,  x'3a3 


Eq.  T.ypagelt,  K.A. 

3Td,  noon,  add  3"5yo 
Oorreotien      —      3*5 

Bed.  Eq.  Time  3  49-5 

(To  he  a^led  ioA.T.) 


H.D. 


Cow.    +  1  31 

14^19' 37" 

3a  10    o    aec.    0*072371 
113    o  32    ooaeo.  0*035994 


>^  ^9  59 


79  44  59    «»*     9*»5o»94 


Hoor-angle 


65  35  33    aine    9*95^756 
3b36»54»  log.    9*3i74'5 


I  App.  Time  ahip,  Jnly  and 

i  Eq.  Time 

,  Mean  time  ahip*  Jnly  and 
Mean  time  GiiMfn,  July  and 

'  Longitnde  in  time 

'  Longitude  6a<>  »'  o'B. 

I        By  Super:  Log.  aine  aq.  9*3 "74^7  «!▼«• 

I  hoor-aagle  3«»  36"  55%  long.  62»  i'  45*  E. 


+ 

0-458 
X     77 

3206 
3306 

OOIT.  + 

r5^66 

or, 

35 

30>»33«  6« 

+  $  50 

ao 
d         16 

26  s6 
18  4S 

4 

8    8 

A.T.abip,Jaly3<i3o  33    6  1 

la  this  eouuBple  th«  time  of  obaerratioa  it  a,k.  at  ship,  the  hoor-tngle  ia  therafore  the  time  before  no&mei 
July  jrd,  and  as  all  oaloolations  are  made  in  the  astroaomloal  day,  w  take  the  hour-angle  from  14^  the 
remainder  is  A.T.  at  ship,  reokoaed-  frma  neoit  of  the  preoeding  day,  yis ,  that  of  July  sad.  Since  the  obser^ 
▼atlonris  xaade in  tbs  foieaooK  at  ship  we  m»y  take  the  hour-angle  from  the  bottom  of  the  table,  and  the 
time  so  found  is  A.T.  at  ship,  reckoned  from  noon  of  the  preceding  day.    (3ee  Rule  LXXIV,  page  225.) 


Ex.  4.  1887,  April  14th,  A.11.  at  ahip,  latitude  53**  10'  K.,  obaerved  altitude  ann'a  l.l. 
18^30'  35^,  index  oorrection  -f  55'',  height  of  eye  11  f6et,  time  by  ohrotf.  i4'5i>  5"  5*  (being 
pji.  at  Greenwich,  which  waa/oa^  5'"  52*'4  for  mean  noon  at  Greenwich,  February  13th, 
and  on  February  asth  waa/<w^  6">  38*  lor  mean  noon  at  Greenwich. 


BDbraary  13th,  ohveMMMter.^  5"  5a»*4 


Feb. 


February  a5th, 


T.  by  ohron.,  Ap.  14*  5*»  5"  c« 
Orig^nalerror        —         6  38 

14   4  58  a7 
AooumuUtea  rate  —         33 

GteeH.  date,  April  14    4  55  14 

or       4'>*9 
By  Baptr :  Index  corr.  +  $$% 
dq[>  —  3'  ao»,  refr.  —  1'  55",  par. 
+  8%  aemid.  +  15'  58',  true  alt 
18^^31'  II'. 

DebL,  page  IT,  N.A. 
Ap.  14th,  noon  9''33'  36'  N.  iner. 
Ootreefeioa        +    4  ^5 


a8<i 


Red.  dad. 
Pete  dirt. 


la)    45'* 


3  '8  gmmn§^ 


*  Interrtfl  from 
Feb.  35th  to  April 
X4th5h,ia48««sh. 
Bate  3*-8 

Interral  48 


Manh    11^ 


April 
Int. 


4<^5" 


W^ 


Oba.  alt.  O'a  L.L.  i8®ao'  35* 
Index  oorr.  -)~       SS 

Dip 

Gorr.  aR. 


6,o)i8,3'i 
3  31 


Semid. 
Tnxealk 


18 

ar 
3 

ao 
»9 

18  iS 

—    a 

I 
4* 

1^1510 

+  ^s  si 

18  31  17 


H.D. 

+  i3'-9« 
X  4'9 

6^o}a6U^*5oa 
4.4  a5  0M«w 


Eq.  T.,  page  II,  NJL 

T4th,  noon,  add  oni7«-88  deer, 
Ooneotion        —    3 -11 

Bed.  Eq.  T..       a  14*77 
(TobeM(MtoA.T.) 


Digiti: 


zed  by  Google 


JmfUui$  If  Ohrtmmfhr. 


»3! 


Altihid0 
Latitade 
Polar  dist. 

i8*»3i'  17* 

52  ID    o    aeo. 

80  31  59    oosec 

0*212280 
>.  0-005955 

9*39534^ 

App.  T.  ship,  April 
»j.  Timo 

Mean  T.  ship,. April 
Mean  T.  Green.,  April 

JiiO^gitade  in  tim^ 

i3*i9*»i2»J9» 
+             *5 

151  13  '^ 

13  '9  "  34 
»4    4  55  H 

75  36  3«    ooi. 

9  4»  59 

57    5  »i    Mne 

9-924039 

Tyyi^^i^^ft 

i45*4»'3o*W, 

Honr-ajD^ 

4*»47"4»"  Jog. 

9'537^».i 
57 

By  Bt^pir:  Log.  ains  sq. 
hgur-angle  4»»  47"'  42%  long. 

.';i-"4^'4/^ 

A.T.8.  April 

13'  19  IS  19 

4 

Hm  obferraiioa  having  been  made  a.m.  at  ship,  the  hour-angle  is  the  time  h^orn  noon  at  ship,  ria ,  that 
of  April  14th;  therefore  take  the  hour-angle  from  24}^^  and  the  remainder  is  apparent  time  at  ship,  reckoned 
from  the  preoeding  noon,  April  13th ;  or  if  the  hour-angle  is  taken  from  the  bottom  of  the  table  (it  being  a.m. 
St  ibip)  it  is  the  apparent  timfr— April  1)4  igh  i2"r  zgp~ceokoning  firom  tfre  pnecedhig  noon  at  shi^.  The 
Gxeenvieh  aod  «hip  dates  being  diflarent  (the  Oieenvicfa  date  being  the  greatert  or  in  adranaa  of  ship  date) 
thenfive  sabftaet  the  latter  tnt/k.  the  ii»rm«r  (borrowing  24^  to  enable  tht  subteaotjon  to  be  made). 

Ex.  5.  1887,  Jane  15th,  p.11.  at  ahip,  latitade  13*  54'  8.,  oba.  alt.  aun'a  l.l.  i6*>  16'  16*, 
index  oorr.  -4-  o'  i6\  height  of  eje  16  feet,  time  by  a  chronometer  i\^  %%^  i^  22%  whieh 
iraa  i"  17*  dow  for  mean  noon  at  Greenwich,  April  lat,  and  on  April  i6th  waa  1™  2%^fatt 
091  imbfui  time  at  Greenwich. 


April  lat,  chron.  tihw  i^i*i* 

i6th|     „     fii$i  t  22 

phange  in  15  daya  ^  39 

Daily  rate  ip**$  gainifig. 


a»39« 
60 

?5)'59(^o''^ 
'5 

90 
90 


April   30<> 
16 

14 
May  31 
Jane    14  22!^ 

Int.     59*2ifc» 


T.  by  chron^  Jane  14^2 2i>  in22* 
Original  error  —         i  22 

14  22    o    o 
Aoenvinlaied  rate    — >       10  35 


«  Intenral  from 
April  i6:h  to  Jane 
14th  %2\  ia  59#  22^ 
Daily  rate  io»'6 
Interval 


Oba.  aU.  Q'a  l.l.     i6<>  16'  i^ 
Index  oorr. 


59        16  feet 


Qrean.  date,  J«ne    14  21  49  25 
T.yWsi  noon,  Jane  15    2  11 


By  Saptr:    Iiulex    oorr.    4-  8    } 

i6*,  dip  —  4' o',  refr.  —  3'  19*,  a  H  | 

w.  +  8^  aomd.  +  15'  47*,  trae 


0 

•It'i6*a5'8'. 

(DecL  ia  taken  oat  for  neareat  noon  to 
mm.  dato  and  conepted  hack,) 


954 
530 

625-4 

53 

3*5 

•9 


Corr.  alt 

Semldiameter 
Trn^jat 


+ 

Q16 

x6  16  32. 

—    3  50 

16 

12  4» 
3    5 

16 
+ 

9  37 

16  25  24 


10  351 


(Bq.  f,  ia  taken  oat  for 
neareat  noon  to  Green*  date 
an4  corrected  hack*) 


Ded^  page  11,  l^T-A.  0.D. 

Jane  15th,  noon  23°  18'  58'*5  N.  +       6*47 
Oonreotion  — •        14  *2  2*2 


Bed-dedL 
Polar  diat. 


231M4N. 
"3  '«  44 


1294 
1294 

»4»34 


Efi,  T.,  page  II,  H.A.  H.X>. 

15th,  noon     aid  o"  7«'o  +        +  0*530 
Correction  -^1*1  )<    ^ 


Bed.Eq.T.  05-9 

(Tobe«2MfoA.T.} 

Digiti: 


1*060 


zed  by  Google 


*3* 


I/tmfikuh  hy  Ohranamikr. 


Altitude  1 6°  25'  24' 

Latitude  13  54    o  leo.     o-oi29oS 

Polar diflt.         113  18  44  ooaeo. 0036986 

143  3>    g 

Half  Bum  alt.       71  49    4  oo**    9'494>io 

55  »3  40  «n«    9'9'5443 

Hoor-aDgle  4»»i9«42«  log.   9'45954>7 

44 


Ap.  T.  ship,  June 
£q.  Time 

Mean  T.  thip,  Jane 
Mean  T.  Green.,  Jane 

Long,  in  time 

Longitude 


15*  4»»i9»4i« 
+         06 

t5    4  19  4» 
14  II  49J5 

^  30  '3 

97^35' 45' B. 


By  Maper:  Log.  line  eq.  9*459610,  hoar* 
angle  4*»  X9"  43%  long.  97^  36*  o*  E. 


»■=  II 

In  this  example  the  obwrration  is  made  p.  K  :  he 
we  write  the  date  at  ship,  via  ,  June  istb,  (see  head  of  question) ;  and  ifnoe  the  mean  time  at  ship  is  Jnne 
15th  4^  19"  48%  which  is  in  advanoe  of  mean  time  at  Greenwich,  the  latter  being  June  14'  sx^  49F  25%  we 
subtract  mean  time  at  ship  fh>m  mean  time  at  Greenwich,  and  24^  is  borrowed  in  subtracting. 

Ex.  6.  1887,  Jane  23rd,  p.m.  at  ship,  latitadeo*,  observed  altitnde  Ban's  l.l.  20<'  15', 
height  of  eye  ao  feet,  time  by  chronometer  Jane  23'  5^  52"  9%  which  was^l  o""  40*  on 
Greenwich  mean  time^  April  6th,  and  on  May  ist  was  o»  30*  $low  for  mean  noon  at  Qreea, 

Interval  from  April  6th  to  Maw  ist  is  25  days ;  the  change  in  rate  in  that  time  is  70* 
(o»  40«y5w«  +  o«  30»  $Unc  =  70") :  then  70*  -i-  25  =s  2»-8  Utm^. 

T.  by  chron.,  Jane  23**  $^5*^  9*  Interval  from  May        Obs.  alt.  0's  lJh  20^25'  o» 


30 


Original  error 


Jane  23    5  52  39 
Aocomalated  rate    -f         a  29 

Ghreen.  date,  Jane    23    5  $5    ^ 


By  Saper:  dip  —  4'  so*,  refr.  —  2'  36", 
par.  +  8',  semid.  +  i^  46",  and  true  alt. 
«o«  33'  5«'. 


is  53*  61'. 
Didly  rate 
Interval 


2«-8 
53 


6  I  J  I  1484 
•7 


M»4.9*« 


Dip 

Ck>rr.alt. 

Semidiameter 
Trae  altitude 


— 

4 

"7 

20 

30 

2 

43 
»5 

20 

+ 

18 

»5 

18 
46 

Peel.,  page  II,  N.A. 
June  23rd,  noon     23^26'  29*  N.  — 
Gonection  —        1 1 


Bfd.dea 
Polar  diet 


23  26  18 

66  33  42 


H.O. 

'•79 
5'9 

1611 
»95 

10-361 


2  29*1 
Eq.  T.,  page  II,  N  JL. 
23rd,  noon         i»5i«'2  -|- 
dorrection       -{•    3  *2 

Bed.  Eq.  T.       i  54  4 

(^d^MtoA.T.) 


*o  34    4 


H.D. 


3-1978 


or  113  26  18 

llie  lat.  being  o^"  we  may  either  take  the  deol.  from  90<»  or  add  90*  to  the  ded.  for  the 
pol.  dist. 

w«34*    4* 

000    seo.     0*000000 
113  26  18    oosec.  0-037399 


AlUtude 

20O34'   4" 

Altitude 

Latitude 

000    seo.    0*000000 

Latitude 

Polar  dist. 

66  33  4»    coseo.  0-037399 

Polar  dist. 

87    7  46 


Hour-angle 
Eq.  time 

M.T.  ship 
M.T.G. 

Long,  in  time 

Lon^tude 


433353  00^    9*86<»96 

22  59  49  nno    9*59>'>3 

4hj5«57.  log.   9-48931,8 
+    I  54 

a3*  4  3«  5* 
*3*5  55    8 


«  «3  '7 
20*»49'  15*  W. 


Hour-angle 
Eq.time 

M.T.  ship 
M.T.G. 

Long,  in  time 

Longitude 


134  0 

22 

67    0 

11 

46  26 

7 

+  « 54 

*3^  4  3« 
»3^  5  55 

n 

«  a3 

n 

cos.    9*591823 
sine    9-860096 


Bf  Biagfw  ttio  answer  oomw  \n^  ttio  nme. 

Digiti: 


2o«49'  15"  W. 


zed  by  Google 


Etamplw  vob  Fraotioi. 

I.  1887,  Janjuaj  and,  x.u.  at  ship,  latitode  36*  59'  8.,  observed  altitude  inn't  L.u 
49^  10',  index  ooneotion  —  %'  40*,  height  of  eye  14  feet,  time  by  a  chronometer  i<  i9>>  8*  50^ 
(being  7^  8»  50*  A.11.  at  Gkeenwioh},  which  was  tlaw  i8">  a*  for  mean  noon  at  Greenwiohy 
Korember  30U1, 1886,  and  on  Deoember  7th,  1886,  waa  i9«  io**6  $low  for  mean  time  at 
GhcMnrioh:  veqniied  the  longitude. 

a.  1887,  Febmazy  19th,  jlm.  at  thip,  latitude  38^  18'  S.>  obaeryed  altitude  sua't  lx. 
a  I*  30'  40*,  index  oorreotion  —  6'  45*,  height  of  eye  14  feet,  time  by  a  chronometer 
18*  i9*>  53"  37«*6  (being  ^^  53™  37«*6  am,  at  Ghreenwich),  which  waa  4™  i6^'6fait  for  mean 
noon  at  Ghnenwioh,  January  13rd,  and  on  January  30th  was  5™  9"'8  fati  for  mean  time  at 
Qxeanwioh. 

3.  1887,  March  a8th»  p.m.  at  ship,  latitude  io«  19'  S.,  observed  altitude  sun's  l.l.  30®  14', 
imdex  oorreotion  — >  %'  lo',  height  of  eye  30  feet,  time  by  ohronometer  28'  o^  io»  (being 
o^  lo"  p.]i.  at  (Greenwich),  which  was  54"^  48"/a«<  for  mean  noon  at  Greenwich,  October 
toth,  1886,  and  on  Deoember  and,  1886,  was  51"  sS^fwt  for  mean  noon  at  Greenwich. 

4.  1887,  April  15th,  A.K.  at  ship,  latitude  5)**  $*  K.,  observed  altitude  sun's  l.l.  16*  8'  40*, 
index  oorreotion  —  40*,  height  of  eye  15  feet,  time  by  a  chronometer  15'  6^  18™  49*  (being 
F.K.  at  Greenwich),  which  was  o^  4«*4  thw  tot  mean  noon  at  Greenwich,  February  nth, 
end  on  March  i  ith  was  a»  38* /m<  for  mean  noon  at  Gtreenwich. 

5.  1887,  May  19th,  P.11.  at  ship,  latitude  a**  58*  8.,  observed  altitude  sun's  l.l.  30*  30', 
index  oorreotion  -)-  52%  height  of  eye  19  feet,  time  by  ohronometer  i9<*  o^  23">  58%  which 
WM  a8«/a«^  for  mean  noon,  at  Ghreenwioh,  January  3rd,  and  on  January  3iBt  was  4a"  »lo%o 
OQ  mean  time  at  Greenwioh, 

6.  1 887,  June  15th,  ▲.K.  at  ship,  latitude  i  a*"  1 1 '  N.,  observed  altitude  sun's  l.l.  39*  39'  40', 
index  correction  -|-  ao',  height  of  eye  17  feet,  time  by  a  chronometer  14'  17^  59">  30*  (bdng 
5^  59"*  30*  A.M.  at  Greenwich),  which  was  whw  5"  56*- 3  for  mean  time  at  Greenwich,  April 
aoih,  and  on  May  lath  was  a™  a9"*5  tihw  for  mean  noon  at  Greenwich. 

7.  1 887,  July  5th,  A.11.  at  ship,  latitude  %i^  48'  N.,  observed  altitude  sun's  l.l.  48°  36'  50*, 
index  oorreotion  —  50%  height  of  eye  17  foot,  time  by  ohronometer  s^  o^  4a»  38*  (being 
0^  42"  38*  P.11.  at  Greenwich),  which  was/M<  4"  47*- 8  for  mean  noon  at  Greenwich,  May 
6th,  and  on  June  ist  WMfiui  6"  50*  for  mean  noon  at  Greenwich. 

8.  1887,  August  13th,  AM,  at  ship,  latitude  30°  46'  8.,  observed  altitude  sun's  l.l.  27*  15^, 
index  amotion  — *  1'  15',  height  of  eye  21  Iset,  time  by  a  ohronometer  13^  2*»  o»  (being 
a^  o"  p  Ji.  at  Greenwich),  which  was  dow  26"  T'6  for  mean  noon  at  Greenwich,  April  loth, 
and  on  May  ist  was  •law  25^  13*  for  mean  noon  at  Greenwich. 

9.  1887,  September  ist,  p.m.  at  ship,  latitude  35°  49'  N.,  observed  altitude  sun's  l.l. 
44^  3a'  lo*,  index  correction  +  i'  46*,  height  of  eye  ao  feet,  time  by  ohronometer  August 
ji*  19*  a4«  57«  (being  ^^  a4»  57*  a.m.  at  Greenwich),  whioh  wmm/oH  i  i«  57"*4  for  mean  noon 
at  Greenwich,  July  3rd,  and  on  July  31st  was/otl  ia»  17*  for  mean  noon  at  Greenwich. 

10.  1S87,  October  a5th,  p.11.  at  ship,  latitude  51^'  30'  8.,  observed  altitude  sun's  l.l. 
40^  aa',  index  conrection  —  i'  50*,  eye  ao  feet,  time  by  chronometer  %$*  ^  ss™  i«  (or 
P^  aa>  ■•p.il),  which  on  July  aoth  was  How  ai"  19*  for  mean  noon  at  Greenwich,  and 
frnrnin^  4"*7  daily. 

II.  1887,  November  a7th,  am.  at  ship,  latitude  39*  ao'  8.,  observed  altitude  sun's  l.l. 
34*  37'  55" t  index  correction  -{•  i'  15',  eye  18  feet,  time  by  a  chronometer  a7'  ^^  41^  30* 
(being  p.11.  at  Greenwich),  which  on  November  9th  was  a9">  40*  fast  on  mean  noon  at 
Qieenwieb,  and  lotmf  6^7  <^^* 

US 
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It.  1887,  Deoember  35th,  aji.  at  tbip,  latitude  9^  59'  8.,  obBerred  altitude  Ban's  i..!.. 
lo"  38'  45*,  index  correction  —  3'  12%  eye  18  feet,  time  by  a  chronometer  14*  i8*»  6»  (being 
▲.X.  at  Greenwicb)  which  was  Uow  4»  30**4  ^o'  mean  noon  at  Greenwich,  J^oly  ist,  and  on 
Jaly  39th  showed  mean  noon  at  Greenwich. 

13.  1887,  January  ist,  p.m.  at  ship,  Istitade  38*  98'  8^  observed  altitude  son's  L.L. 
39®  o',  index  correction  —  a'  25*,  eye  13  feet,  time  by  chronometer  i*  ii»»  58"»  39«  (being 
pji.  at  Greenwich),  which  was  thw  i^  49™  19"  for  mean  noon  at  Greenwich,  September 
12th,  1886,  and  on  October  13th  was  i^  52»  53*  tlcw  fat  mean  noon  at  Greenwich. 

14.  1887,  February  nth,  ajc  at  ship,  latitude  53*  is'  N.,  observed  altitude  sun's  i»Jm 
12^  10',  index  correction  —  49*,  eye  12  feet,  time  by  chronometer  10^  22^  22*  22*  (being 
▲.M.  at  Greenwicb),  which  was  fast  34"  4i"*7  for  mean  noon  at  Greenwich,  October  31SI9 
and  on  December  ist,  1886,  was/a«^  38*  59"  for  mean  noon  at  Greenwich. 

15.  1887,  October  26th,  a.k.  at  ship,  latitude  28*  10'  N.,  observed  altitude  sun's  V.I.. 
25*  32'  20',  index  correction  o',  eye  17  feet,  time  by  chronometer  o^  24"^  6*  (being  p.m.  afe 
Greenwich),  which  wMfast  i»  31"  on  mean  time  at  Greenwich,  August  ist,  end  on  Sept. 
4th  waBfoit  o*  6*  for  mean  noon  at  Greenwich. 

16.  1887,  February  6th,  p.m.  at  ship,  latitude  6^  58'  N.,  observed  altitude  sun's  vjl, 
21^  43'  40*^,  index  correction  o*,  eye  18  feet,  time  by  a  chronometer  ii^  40*  26*  (being  ajc 
at  Greenwich),  which  was  ilow  i6">  4«*8  on  mean  noon  at  Greenwich,  January  2nd,  and  on 
January  20th  was  thw  i7»  42*  on  mean  noon  at  Greenwich. 

17.  1887,  May  ist,  P.M.  at  ship,  latitude  21*  8'  N.,  observed  altitude  sun's  l.Ih  28*  5'  30% 
index  correction  -|-  2'  50',  height  of  eye  1 6  feet,  time  by  a  chronometer  April  3c'  1 8^  jo^  29*-4 
(being  6^  50»  29«'4  a.m.  at  Greenwich),  which  was  io»  1 1*  thw  for  mean  noon  at  Greenwich, 
December  31st,  1886,  and  on  February  17th,  1887,  was  7*  33*-6  slow  for  mean  noon  at 
Greenwich, 

18.  1 887,  April  2  ist,  P.M.  at  ship,  latitude  at  noon  o*  %ef  N.,  observed  altitude  sun's  v.u 
32*  21'  10',  index  correction  —  i'  10',  eye  12  feet,  time  by  a  chronometer  jf^  44^  i"  (being 
jk.M.  at  Greenwich),  which  was  Umo  9"  7*  for  mean  noon  at  Greenwich,  November  14th, 
1886,  and  on  January  nth,  1887,  was  tlow  7"  34**2  for  mean  noon  at  Greenwich,  course 
since  noon  S.W.  by  W.  (true),  distance  36  miles :  required,  the  longitude  at  the  time  of 
observation,  and  also  at  noon. 

19.  1887,  August  21st,  A.M.  at  ship,  latitude  at  noon  o«  20'  8.,  observed  altitude  sun's 
XiOi.  33''  49',  index  correction  +  1'  lo',  eye  15  feet,  time  by  chronometer  8^  f4">  o*  (being 
P.M.  at  Greenwich),  which  was  slow  4^  40*  for  mean  noon  at  Greenwich,  March  13th,  and 
on  April  30th  was  Umo  5"  40*  for  mean  noon  at  Greenwicb,  course  till  noon  8.W.  by  W., 
distance  36  miles :  required  longitude  at  time  of  sights,  and  also  at  noon. 

20.  1887,  March  20th,  a.m.  at  ship,  latitude  o%  observed  altitnde  sun's  l.l.  28*  50'  10', 
index  correction  -|- 1',  eye  23  feet,  time  by  chronometer  so*  1^  35^  (being  p.m.  at  Greenwich), 
which  was  i"  S9*'9f^  ^o'  iQMm  noon  at  Greenwich,  Febroary  ist,  and  on  February  28U1 
mM/aat  a"  8*  for  mean  noon  at  Greenwich. 

21.  1887,  September  23rd,  A.M.  at  ship,  latitude  oP,  observed  altitude  sun's  l.l.  4$*  2 1'  10', 
index  error  —  i'  7*,  height  of  eye  17  feet,  time  by  chronometer  September  22'  tc^  s^"^  '3*? 
which  was  slow  i5«'6  on  Greenwich  mean  time,  April  30th,  and  on  June  ist  wss/mI  io*  on 
Greenwich  mean  time. 
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SUMNER^S  METHOD. 


ON  FINDINO  SHIP'S  LINE  OF  POSITION  OB  PARALLEL  OF 

EQUAL  ALTITUDE, 


Problem  Z. 

TO  FIND  THE  SHIPS  CURVE  OF  POSITION  OE  PAKALLEL  OF 

EQUAL  ALTITUDE. 

177.  In  the  preceding  chapters  of  this  work  we  have  treated  of  methods 
of  finding  the  position  of  a  point  on  the  earth's  surface  by  the  two  co-ordinates 
latitude  and  hngitud$:  and,  therefore,  in  all  these  methods  the  required 
position  is  determined  by  the  intersection  of  two  circles,  one  a  parallel  of 
latitude,  and  the  other  a  meridian.  It  is  evident  that  if  we  oould  find  any  ' 
two  other  lines  passing  through  the  ship,  their  intersection  would  also 
determine  the  position  of  the  ship,  and  thus  answer  the  same  purpose  as 
parallels  of  latitude  and  meridians.  In  the  following  method  the  position  of 
the  ship  is  determined  by  circles  olliqm  to  the  parallels  of  latitude  and  the 
meridian.  The  principle  which  underlies  the  method  has  often  been  applied, 
but  its  value  as  a  practical  nautical  method  was  first  dearly  shown  by 
Oapt.  T.  H.  SuMNBB. 

178a  Let  an  altitude  of  the  sun,  or  any  other  object,  be  observed  at  any 
time^  the  time  being  noted  by  a  chronometer  regulated  to  Greenwich  time. 

Suppose  that  at  this  Gh*eenwich  time  the  sun  is  vertical  to  an  observer  at 
the  point  8  of  the  globe  (Fig.  95),  having  there  an  altitude  of  90^,  and  if  a 
■mall  circle  A  A' A''  be  supposed  to  be  described  about  the  point  S  as  a  pole, 


Fig.  SB' 


with  a  distance  8  A,  equal  to  the 
xenith  distance  or  complement  of 
the  altitude  of  the  sun.  It  is 
evident  that  at  all  places  within 
this  circle  an  observer  would,  at 
the  given  time,  observe  a  smaller 
zenith  distance,  and  at  all  places 
Mfithowt  this  circle  a  greater  zenith 
distance;  and,  therefore,  the  ob- 
servation fully  determines  the 
observer  to  be  on  the  circum- 
ference of  the  small  circle  A  A' A". 
]|i  tbeiH  the  seamttn  can  project  this  small  cizde  t^xm  an  artificiAl  globe,  or. 
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a  oharty  the  hmohdgs  that  he  i$  upon  thU  eircU  wiU  be  just  at  valudbU  to  him  io 
avoid  dangers  ae  the  knowledge  of  either  his  latitude  aUme,  or  his  longitude  ahnSf 
Bince  one  of  the  latter  elements  only  determines  a  point  to  be  in  a  certain 
circle  without  fixing  upon  any  particular  point  of  that  cirde.  The  small 
circle  of  the  globe,  described  from  the  projection  of  the  celestial  object  as  a 
pole,  we  shall  call  a  circle  of  position. 

179.  A  small  portion  of  this  circle  passing  through  two  positions  near 
together  may  be  considered  as  a  straight  line,  and  this  line  is  evidently 
perpendicular  to  the  direction  of  the  observed  object,  and  it  is  this  line  which 
has  been  called  the  line  of  position. 

180a  The  altitude  of  another  celestial  object  S'  being  taken  at  the  same 
time  (or  a  second  altitude  of  the  same  body  after  a  suitable  change  of  bearing) 
gives  a  second  circle  of  position  (Fig.  5$,  dotted  circle).  The  observer  being 
on  the  circumference  of  each  of  these  circles  must  be  at  one  of  their  points  of 
intersection  F  or  F.  In  good  observations,  selected  within  proper  limits, 
these  points,  P  and  F,  lie  so  far  apart  that,  with  a  very  rough  latitude  by 
account,  there  can  be  no  difficulty  in  chosing  the  right  one. 

181a  In  finding  the  longitude  by  chronometer,  an  error  in  the  latitude 
from  which  the  time  is  computed,  affects  the  resulting  longitude  in  a  corres* 
'  ponding  degree.  If  severid  latitudes,  not  differing  very  greatly  from  the 
truth,  be  successively  employed  in  calculating  the  longitude,  each  latitude 
wiQ  g^ve  a  different  longitude ;  and  if  with  each  latitude  and  the  longitude 
deduced  from  it  a  point  is  found  on  the  chart,  it  will  be  seen,  that  these 
points  lie  very  nearly  in  a  straight  line,*  whose  direction  is  the  complement 
to  the  bearing  of  the  observed  object  at  the  time  of  observation ;  in  other 
words,  the  line  of  position  is  perpendicular  to  the  direction  of  the  object  at 
the  time  of  observation. 

18£b  Two  assumed  latitudes,  with  the  resulting  longitudes,  will  be 
sufficient  to  determine  the  Une  of  position,  provided  the  latitudes  do  not 
greatly  differ  from  the  truth.  Lay  off  on  the  chart  these  two  positions,  and 
join  them  by  a  straight  line,  somewhere  on  this  line,  or  very  near  it,  the 
observer's  {dace  is  to  be  found ;  and  thus,  if  this  line  (being  produced)  passes 
through  a  point  of  land  or  other  object,  the  hearing  of  such  object  is  known, 
though  the  tid^^s  place  on  the  line  of  its  direction  is  not  known. 

183«  After  the  observation  the  ship  changes  her  place,  which  is  usually 
the  case  at  sea ;  but,  if  from  any  point  in  the  line  of  position  the  ship's  run 

•  The  direotioii  of  this  line  at  any  point  is  the  direction  of  the  tangent  to  the  curve  at 
this  point.  The  direction  of  this  tangent,  as  j  art  stated,  will  be  at  riffht^ngles  to  the 
bearing  of  the  snn  at  that  point.  Sence,  by  a  lm$  of  petition  we  mag  deUrmim  the  asimutk  of 
the  stm.  By  reference  to  the  principles  of  construction  of  the  Meroator's  chart,  it  will  be 
seen  that  only  the  lozodromic  curve  plots  as  a  straight  line.    The  circle  of  position  would 

«lot  as  an  irregular  figure,  its  greatest  diameter  coinciding  with  the  arc  of  the  meridian, 
'he  whole  figure  could  not  indeed  be  plotted  on  ordinary  charts  unless  the  senith  distances 
M  A,  M  A',  &c.,  were  very  small. 

It  is  customary  to  plot  only  the  smallportion  of  the  curve  lying  between  the  assumed 
latitudes,  as  that  is  all  that  is  required.  For  mall  differences  of  laUtvd^  as  befiove^obMrvo^ 
lliii  wMd  Ve  patiMcsUy  a  firaqiht  line. 
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be  laid  off  in  proper  direotion  aooording  to  the  ship's  course,  and  through 
file  point  thus  found  a  line  be  drawn  parallel  to  the  line  of  poution,  the 
ship's  actual  place  is  still  somewhere  on  thU  Um. 

UB%m  If  a  second  observation  of  the  same  or  any  other  celestial  body  be 
taken,  separated  firom  the  first  by  a  suitable  difference  of  bearing,  and 
treated  in  the  same  manner,  another  Un»  of  pofitum  may  be  drawn,  which 
wiU  also  pass  through  the  place  of  observation ;  and,  therefore,  the  inter* 
section  of  the  two  lines  will  give  the  ship's  place,  which  may  thus  be  obtained 
by  projection  on  the  chart,  without  the  computation  of  a  double  altitude. 
Tbib  intersection  is  most  distinctly  marked  when  the  lines  cross  at  right- 
anglee,  and  they  must  not  in  any  case  out  too  acutely  or  the  unavoidable 
errors  of  observation  wUl  be  considerably  magnified.  The  difference  of 
bearings  ihould  mt  he  U99  than  45''  norpreat&r  than  135^ 

The  foregoing  remarks  contain  the  elementary  principles  of  Sumner's 
Method  of  finding  the  ship's  position  at  sea. 

188.  The  latitude,  longitude,  and  time  at  ship  being  uncertain,  it  is 
required,  from  an  altitude  of  the  sun  and  the  Greenwich  time,  as  found  firom 
the  chronometer,  to  project  on  Mercator's  chart  a  line  ofpaaMon  or  aparalU 
ofequtil  dUUude^  which  shall  pass  through  the  position  of  the  ship,  and  show-— 

■•t— The  bearing  of  ths  land. 

and— >lhe  ana's  true  bearing  or  aximnth. 

Srd— The  error  in  the  longitude  oorreeponding  to  any  error  in  the  latitude. 


The  method  of  finding  the  approidmate  projection  of  a  cirde  of 
position  on  the  Mercator's  chart  is  as  follows : — 

SOLUTION  BY  OONSTEUOTION  ON  MBEOATOB'S  OHAET.* 

The  OlNieryatloil*— Take  an  altitude  of  the  sun  and  note  the  corres- 
ponding time  by  chronometer. 

BXTLB  LXXV. 

1^  The  CalCUlatlOlU— iZb  the  time  hy  ehnmomet&r  apply  ite  original 
error  emd  accumulated  rate^  at  directed  in  Bule  TiXXT,  page  218 ;  the  result  is 
the  Greenwich  date  at  the  instant  of  observation. 

2^  Take  9ut  of  the  Nautical  Almanac,  page  II,  the  eun^e  declination  and  the 
Cfuatian  of  time  for  the  noon  of  Greenwich  date,  and  the  corresponding  hourly 
difirencefor  each;  aUo,  take  out  the  eun^e  eemidiamcter. 

3^  Meduce  the  euWe  decUnatian  and  equation  of  time  to  the  Greenwich  time^ 
either  hy  multiply iny  each  hourly  difference  by  the  hours  and  decimals  of  an  hour 
im  iha  Greenwich  time;  or,  hy  multiplyiny  each  hourly  difference  by  the  houre  qf 

•  Oharts  to  this  probleiD,  price  6d.  each,  may  be  had  of  T.  L.  AivauT,  South  ShieldiL 
liyP^td* 
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Qr$inmck  Ume^  and  iaking  aliquot  parts  of  an  hour  far  the  minuies  of  the  %am$  : 
the  result  m  the  oorreotion  to  ho  applied  to  the  iun*i  deolination  and  equation  of 
time  respectively  (Bules  TJX  and  LX,  pages  183-186. 

4''.    Next  find  the  polar  distance  (Bole  LXI,  page  187). 

5**.  Correct  the  observed  altitude  for  index  error  (if  any)  (i),  dip  ( — ),  oorreo^ 
tion  in  altitude  ( — ),  and  semidiametor  (±),  and  thus  get  the  true  altitude  (Bole 
LXIIIy  page  192). 

6°.  Assume  two  latitudes  differing  about  a  degree  or  less,  and  embracing  tho 
supposed  latitude  of  the  ship, 

KoTX.— It  may  be  conTonient  to  assume  two  latitodes  from  10'  to  30'  on  each  side  of  the 
latitude  by  acconnt.  In  the  practical  application  of  this  problem  at  sea,  it  is  onstomary  to 
assume  lats.  10'  to  20'  on  each  side  of  the  supposed  one,  and  determine  the  corresponding 
longitudes.    In  general,  assume  the  latitudes  to  cover  any  supposed  error  in  the  latitude. 

7^.  Find  the  hour-anglCf  and  thence  deduce  the  longitude  (by  the  usual  method, 
see  longitude  by  chronometer,  Bule  LXXIY,  pages  224-225),  with  each 
assumed  latitude^  first  from  one  assumed  latitude  and  then  from  the  other^  as 
follows : — 

(a)  JFtth  the  altitude^  the  less  assumed  latitude,  and  the  sun^s  polar  distance. 

(b)  With  the  altitude,  the  greater  assumed  latitude,  and  the  sun^s  polar 
distance. 

Thus,  two  longitudes  wiU  be  found  which  mag  he  designated  A  and  A'  respectively ^ 
and  the  ship^s  position  mag  now  he  conveniently  projected  on  a  chart  of  large 
scale.    Thus : — 

8"*.  On  the  less  assumed  parallel  mark  off  the  longitude  A,  and  on  the  greater 
assumed  parallel  mark  off  the  longitude  A\ 

9^.  Join  the  points  A  and  A'  by  a  straight  line  cutting  both  parallels,  which 
will  he  tho  projection  of  the  line  of  position  or  parallel  of  equal  altitudes  passing 
through  the  true  place  of  the  ship  ;  the  direction  of  this  line  is  found  by  placing 
the  edge  of  the  parallel  rulers  on  the  line  A  A'  and  moving  them  to  the  centre  of  the 
compass,  the  direction  is  then  seen. 

10^.  The  parallel  of  equal  altitude  or  line  of  position  being  produced,  if 
necessary,  to  meet  the  coast;  the  land  such  a  line  passes  through  hears  from  the 
ship  in  the  same  direction  as  the  line  lies  on  the  chart. 

To  find  the  Sun's  True  Azimuth  by  a  Position  Line  pro- 
jected on  a  chart. 

1 1^'.  On  any  point  on  the  line  A  A',  and  on  that  side  of  the  meridian  upon  which 
the  sun  is  known  to  he  at  the  time  of  observation,  i.e.,  to  the  eastward  if  the 
altitude  taken  was  a.m.,  hut  to  the  westward  t/p.ic. ;  erect  a  perpendicular,  and 
it  will  be  in  the  direction  of  the  sun^s  true  hearing,  and  the  angle  it  makes  with  the 
meridian  is  the  sun's  true  azimuth,  which  is  therefore  known  on  being  referred  to 
the  compasB  on  the  oharlr 
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NoTB  i.--Iiet  A  A'  (Fig.  $6)  be  a  line  of  poBiiion  on  the 
ehart  derived  from  an  obserred  altitude.  At  any  point  0  of 
thia  line  erect  0  Bl  perpendioalar  to  A  A',  and  let  N  C  8  be 
the  meridian  passing  tbrongh  C;  then  80  M  is  evidently  the 
■nn's  arimuth.  The  line  G  M  Is,  of  ooorse,  drawn  on  that 
aide  of  the  meridian  M  8  upon  which  the  son  is  known  to  be 
at  the  time  of  observation.  The  eolation  is  but  approsi- 
mate,  since  A  A'  shoold  be  a  onrve  line,  and  the  azimnth 
of  the  normal  to  it  would  be  diflferent  for  different  points  of 
A  A'.  It  is,  however,  quite  aoonrate  enough  for  the  purpose 
of  determining  the  error  of  the  compass  at  sea,  which  is  the 
only  praotical  application  of  the  problem. 

Kora  a. — ^The  difference  of  longitude  between  A  and  A'  will  show  the  error  of  longitude 
arising  from  an  error  equal  to  the  diffdrenee  between  the  assumed  latitudes;  and  hence,  by 
proportion^  the  error  of  longitude  corresponding  to  any  other  error  of  latitude  may  be  found. 


Etavtt.tm. 

Ex.  I.  18S7.  If  at  sea  on  August  s8th,  p.k.  at  ship,  and  uncertain  of  my  position,  when 
the  chronometer  showed  August  2%*  3^  aa»  o*  M.T.G. ;  suppose  the  obeorved  altitude  of 
the  sun's  l.l.  to  be  35**  47'  o',  index  correction  -|-  >'  5%  height  of  eye  16  feet :  required  the 
line  of  bearing  when  the  altitude  was  taken,  assuming  the  ship  to  be  between  latitudes 
49®o'N.and50«o'N. 

It  will  be  observed  that  in  this  question  the  Greenwich  date,  mean  time,  is  given— in 
Ihia  case  August  aS<*  3*^  ia»  o*;  therefore  there  is  no  chronometer  time  to  correct  for  error 
and  rate,  but  from  the  Kautical  Almanac,  page  II,  the  Decl.  and  Eq.  T.  is  taken  and 
eoneoted  in  the  usual  way. 


Greenwich  date 


August  a8*  3*2a"» 
or  3»»-37» 


6,o)aa«'o* 
3*37 


Obs.  alt.  sun's  l.l. 
Index  oorr. 


Dip 

Corr.  of  alt. 

Semidiameter 
I^aeali 


35*47'  o^ 
+    I    5 


35  4«  5 
—    3SO 

35  44  15 
—    I  la 

35  43  3 
+  »5  S3 

35  5«  5^ 


Deol.,  page  II,  K.A. 
Auitust  aSth,  noon     9^44'  45'  N.  d$er, 
(kn,  for  3*  aa«       —    a  59 


Bed.decL 
Polar  dUt. 


9  41  4^ 
8c  18  14 


Var.  i\ 
5»"97 
3'37 

37079 
15891 

I5«9« 


6,0)17,8-5089 


Eq.  T.,  page  II,  N.A. 
i"8»-9a  tker. 
»45 

Red.Eq.T.  i  6-47 
(Tobe4uAMtoA.T.) 


H.D. 

o'7a8 
3'37 

•5096 
ai84 
ai84 


Oorr.   a*45336 


It  will  be  further  noticed  that  at  the  end  of  the  question  two  assumed  latitudes  are  given 
—in  this  case  49"*  o'  K.  and  50*  K.  Jbr  smA  UU,^  with  the  true  alt.  and  pol.  dist  (at  above) 
Mil  pvoooed  in  the  ufoal  way  to  find  the  loDgitiidM, 
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True  alt 
Latitude 
Polar  diat. 

35^58' 5<5' 
49    o    o 
80  18  14 

sec.     0-183057 
ooaec.  0*006x49 

coa.    9*107381 

Altitude 
LaUtnde 
Polar  dirt. 

35^58' 56' 
50    0    0    sec. 
80  18  14    co8e( 

166  17  10 

0*191933 

>.  0*006349 

165  17  10 
8>  3«  35 

83    8  35    oof. 

9*076971 

4^  39  39 

sine 

9-861716 

47    9  39    »n« 

9*865263 

A.T.8.    Aug. 
Eq.  time 

38*  3»»58«"35» 
+    '     6 

log. 

9*158403 

A.T.8.    Aug. 
£q.time 

,8*  3«»54»34-  log. 

9»404'5 
08 

M.T.8.   Aug. 
M.T.O.  Aug. 

28*3  59  31 
38«»  3  33    0 

M.T.8.   Aug. 
M.T.a.  Aug. 

18*  3  55  40 
38'  3  33    0 

33 

Long,  in  time 

0  33  39 

5°37'  isr 

W. 

Long,  in  time 
Longitude  (A' 

0  36  30 

Longitude  (A) 

)      6»35'   o'W. 

Thus,  then,  haa  been  obtained  two  positiona,  Tiz.  :— 

A.    In  lat.  49»  o'  N.,  long.  5'  37'  15*  W. 
A'.   In  lat.  56*  o' N.,  long.  6»  35'   o'W. 

NoT&— The  reaulta  obtained  by  working  out  this  question  are  laid  down  in  the  aooom« 
panying  ohart,  and  should  be  carefully  studied  by  the  candidate. 

On  a  Meroator's  chart  mark  the  point  A  in  latitude  49^  K.,  and  longitude  5*  37^'  W. 
(exactly  as  a  ship's  position  is  pricked  off  on  the  chart  by  the  aid  of  dividers  and  parallel 
rulea) ;  also  mark  the  point  A'  in  latitude  50*  N.  and  longitude  6*  35*  W.  Join  A  and  A' 
by  a  straight  line,  and  the  ship  will  be  on  this  line,  it  being  the  projection  ofth$lm$of 
petition  of  ih$  $kip,  or  as  sometimes  called,  the  pMraUel  Qfeqitul  oMMi  of  th$  »h%p.  The  line 
will  be  found  to  pass  through  the  Bishop  Rock,  and  when  referred  to  the  compass  on  the 
charty  the  light  will  be  found  to  bear  N.W.  by  N.  i  K.  ConsequenUy,  although  the  «sa^ 
position  of  the  ship  is  not  known,  it  is  certain  that  by  steering  a  true  N.W.  by  N.  ^  N. 
course  the  ship  will  make  the  Bishop  Bock.    (See  Ez.  t,  plate.) 

IbJM  ih4  Swiit  IViM  ^MiM^A.— From  any  point  on  A  A'  draw  a  perpendicular  to  A  A', 
and  this  will  giye  the  true  bearing  of  the  sun,  which  will  be  found  to  be  8.W.  by  W.  }  W. 
If  this  line  be  produced  it  will  give  the  perpendicular  on  the  other  side  of  A  A',  bearing 
NJS,  by  E.  i  E.;  the  former,  howcTer^  lying  in  the  direction  of  the  sun,  and  as  the  obser- 
tion  is  made  in  the  afternoon,  gives  the  sun's  true  asimuth. 

NoTB  i.^The  above  calculations  should  be  carried  on  together,  that  is,  the  formula  for 
each  should  be  prepared,  and  the  logarithms,  ftc,  filled  in,  taking  care  to  take  out  of  the 
tables,  at  the  same  time,  those  logarithms  which  are  found  at  the  same  opening  of  the  tables. 
Thus,  after  taking  out  log.  secant  of  lat.  49''  take  log.  secant  of  lat.  50*;  log.  cosecant  of 
polar  distance  is  the  same  in  both  instances ;  cosine  of  8i*>  38'  35'  is  then  taken  out,  and  at 
the  same  time  cosine  of  83*  8'  35*;  the  sine  of  46*  39'  39*  and  sine  of  4^•  9'  39-^  may  be 
taken  out  at  the  same  time,  and,  lastly,  the  hour-angle  in  both  cases  is  taken  out  at  the  same 
time.  Consequently,  the  two  calculations  required  the  tables  to  be  opened  only  five  times, 
the  same  as  if  there  were  only  one  calculation  to  be  performed.  The  observation  here  made 
is,  of  course,  applicable  to  all  the  following  examples. 

Kon  3.— The  longitude  of  A  and  A'  being  5*  37}'  and  6^  35'  W.,  the  difference  is  58',  and 
the  difference  of  their  latitudes  is  i*  =  60'.  Hence,  an  error  of  60'  in  latitude  gives  an  error 
of  58'  in  longitude;  and,  if  we  state  60'  :  10'  : :  58'  :  10'  (nearly),  we  find  that  an  error 
of  10'  in  latitude  gives  an  error  of  10'  in  longitude.  That  is,  if  we  oompnte  the  longitude 
by  chronometer  from  the  altitude  of  the  sun,  in  this  e^mple,  and  assmne  a  latitude  whidh 
is  |o'  in  erxori  the  longitude  thi;s  foiuid  will  be  10'  (needy)  in  error. 
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Ex.  3.  1887.  April  i4ih,  A«]C.  at  8hip»  lai  D.R.  49*  40' K^  long.  D.B.  5*  so' W.  The 
otw.  alt.  tun's  l.l.  was  30^  aa'  40',  index  corr.  —  i'  I7^  height  of  eye  18  feet,  when  a 
ehronometer  showed  April  a3rd  ao^  39"  a7«,  mean  time  at  Greenwioh. 

Beqnixed  to  project  on  the  chart  a  line  of  position,  and  also  a  line  of  son's  bearing. 


*s:;«r 

1 

1 

eoaee. 

77»ii'  0^=0010958 

77  11  57      0-010931 

''         i 
336 

OotT.    ss7^6 

oodJne. 

7«*3e'  o"=s 9295913 

Pis.  far  51  «—     533 

78  36  5»       9«9538o 

3U>.  OiiE.  1045 
51 

104s 
SaaS 

Cow.  «S3t,9S 

rine 
Fti.  for   6  ss  +       II 

48    5    6       9-87i65a 
Tab.diiL    189 

OOR.    =11,34         j 

eorine. 

78  46  5t       9a89059  1 

Tab.  diA  io6x 

5«         1 

io6x         1 
$305 

Chnr.  «  541,11 

due. 

48V$'  o»-.9-87«77*  1 
Pla^  for   6  =  +       11  1 

48  15    6      9  87*783  1 

Tkb.dift    188         ! 

6         1 

Cgnr.   aii,s8 

Greon.  date 
Time  from  noon 


April  13'*  ao^a9»a7» 

April  a4'>    3  31 
?7 


Deol.,  page  n,  N JL.  H.D.      £q.  T.,  page  II,  K.A.         H.D. 

April  a4^,  noon  I  a^5o'56*K.  «Mr.     49'''43    April  24^,  noon  i»54*'4      0*460 
Oorr.  for  t^'S     —    a  53  3*5    Oorr,  for  %^'S      —  i  -6  3*5 


24715    Bed.  Eq.  time     153*8        2300 
14829      (To  be  aubi,  from  A.T.)       1380 


Bed.  deol.  la  48    3  N. 

90 

Polar  dist.         77  11  57        6,0)17,3005 

*  530 

To  find  point  A,  latitude  49**  30'  K. 
Obs.  alt.  snn's  l.l.  30®aa'  40^  Altitnde       30<'3i'  45' 


1*6100 


Index  oorr. 

Dip 

Oorr. 

Semidiameter 
Tme  altitnde 


— 

I    17 

30 

at  a3 

4    4 

30  17  19 
—  1 30 

¥ 

»5  49 

IS  56 

Latitude      49  30    o    seo.      0*187456 
Polar  dist.    77  11  57    oosec.  0*010931 

"57  13  4a 


78  36  51  COS.  9*395380 

48    5    6  sine  9*871652 

3»50"20«  log.  9*3654i9 
14  4» 


30  31  45  

App.  T.  ship,  April  a3<*  ao    9  40 

Eq.  time  "^    >  53 

M.T.  ship,  April  33'  20    7  47 

M.T.  Green.,  April  %2^  30  39  37 


Longitude  in  time 


o  31  40  =  5«»a5'W.  (A) 


AlUtnde 
Latitude 
Polar  dist, 


To  find  point  A'  in  latitude  49*^  50'  N. 

30'' 3  "'45* 

49  50    o    seo.      0*190431 

77  II  57    ooseo.  0*010931 


Hour-angle 


App.  T.  ship,  April  33' 
Eq.  time 

H.T.  ship,  April  ^x^ 
M.T.  Green.,  April  a3d 

Longitude  in  time 


157  33  4» 

78  46  51     COS. 

48  15    6    sine 

9*289059 
9*873783 

3»»49»4i«  log. 
>4 

9*363304 

13 

30    10   19 

—    I  53 

ao    8  a6 
ao  39  37 


o  at    I  =:  5*  15J'  W.  (A') 


)X 
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On  Merofttor's  chart  mark  the  point  A  in  latitude  49^  30'  K.,  long.  5*  2$'  W.;  alio,  mark 
the  point  A'  in  latitude  49^  50'  N.,  lonf?.  5**  15^'  W.  Join  A  and  A'  by  a  straight  line  and 
the  ship  will  be  on  this  line  tomewhin,  it  being  the  projection  of  the  im$  of  potUum  of  tk§ 
$hip,  or  as  it  is  also  sometimes  called,  the  parallel  of  equal  altitude  of  the  ehip.  The  line  A  A' 
being  produced  until  it  meets  the  land  it  will  be  fouad  to  intersect  the  land  near  the  Lisard 
Point ;  and  when  referred  to  the  compass  on  the  chart  it  will  be  found  to  boar  N.  by  £.  |  E 
(true).  Consequently,  although  the  ezaet  position  of  the  ship  is  not  known,  it  is  certain 
that  by  steering  N.  by  £.  ^  E.  the  ship  will  make  the  Lisard. 

For  the  9un*e  True  Azimuth, — From  any  point  on  A  A'  draw  a  line  at  right-angles,  or 
eight  points  from  the  Northerly  direction  of  Uie  Line  of  Position  to  the  Eastward  (the  sight 
was  taken  a.m.},  and  the  sun's  bearing  will  be  found  to  be  E.  by  S.  }  S. 

Problem  XZ. 

BUMNEB'S  METHOD  OF  FINDING  LATITUDE  AND  LONGITUDE. 
(FOE  ONLY  MATES,  FIRST  MATES,  AND  MASTERS.) 

187.  To  find  the  latitude  and  longitude  of  a  ship  by  circles 
of  position  projected  on  Mercator's  chart. 

Having  given  two  altitudes  of  the  sun,  the  times  of  observation  by  ohrono-^ 
meter  (whose  error  for  Greenwich  mean  time  is  known),  also  the  sun's  decli- 
nation at  both  times,  and  the  latitude  by  dead  reckoning,  to  find  the  true 
latitude  and  longitude  of  the  ship. 

RULE  LXXVI. 

i^  Find  the  Gnetmich  daU  of  each  ohiervaium  ly  eorreeting  the  iiwue  eho¥m 
ly  chnmtmieter  for  errer  and  aeeumuiaied  rate. 

2^    I^ind  the  declination  and  polar  distance  for  each  of  the  Greenwich  datee. 

f.    Find  the  equation  of  time  eorreeponding  to  each  Qreeniwich  date. 

j^.  Correct  each  observed  altitude  for  index  error  (if  any)  (i),  d^  (— ),  f#. 
fraction  (— ),  parallax  (+),  and  semidiameter  (±). 

5**.  Assume  two  latitudes,  differing  ahout  a  degree  or  less,  and  embracing  the 
supposed  latitude  of  the  ship;  thus  it  may  he  convenient  to  assume  the  lattitudesfrom 
10'  to  30'  on  each  side  of  the  supposed  latitude  of  the  ship* 

KoTB.— It  is  Boaroely  neoeesary  to  warn  the  intelligent  navigator  against  making  aa 
annmption  of  latitude  that  shall  render  the  compatation  of  the  hoar-angle  impoarible: 
the  earn  of  the  altitude,  latitude,  and  polar  diatanoe  oan  never  exoeed  180^. 

&".  CompuU  the  longitude  (by  the  usual  method)  with  each  assumed  latitude^ 
first  from  one  altitude  and  then  with  the  other,  as  follows  :— 

(a)  With  the  ist  altitude,  the  less  assumed  latitude,  and  the  sun*s  pola^^ 
distance,  corresponding  to  the  time  of  the  first  ohservation:  call  this  A. 


•  It  U  not,  however,  eaaential  that  the  same  assumed  latitudes  should  be  used  in  com- 

futing  both  hues  of  position;  it  is  only  more  convenient  to  do  so,  as  it  saves  some  logarithms, 
n  the  oase  of  two  altitudes  of  the  same  object,  as  of  the  nun  in  this  case,  where  a  course  and 
distance  bave  been  made  in  the  interval,  if  the  course  has  been  nearly  North  or  South,  it 
would  be  betUr  to  assunae  two  Idtitudes  differing  from  those  used  for  the  first  observation. 
I^nd  Buob  that  they  may  be  more  in  aooordaaoe  with  the  altered  position  of  the  ship. 
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(b)  With  the  lit  altitude,  the  greater  assumed  latitude^  and  the  eun's  polar 
distonee,  corresponding  to  the  first  observation :  call  this  A'. 

(c)  With  the  ind  altitude,  the  less  assumed  latitude,  and  the  suris  polar  dis' 
tanee,  at  the  time  of  taking  the  second  observation :  call  this  B. 

(d)  With  the  2nd  altitude,  the  greater  assumed  latitude,  and  the  sun*s  polar 
dietanee,  corresponding  to  the  time  of  the  second  observation :  call  this  B'. 

Thus,  four  longitudes  will  be  found  which  may  be  designated  as  A,  A',  B, 
sad  B"  respectively,  to  facilitate  reference  to  them. 

7^.  On  Mercator^s  chart  project  A  A',  the  ship's  line  of  position,  or  parallel 
of  equal  altitude,  corresponding  to  the  first  altitude.    Thus, 

(a}  On  the  less  asiumed  parallel  of  latitude  marh  the  longitude  A,  and  in  the 
greater  assumed  parallel  of  latitude  mark  the  longitude  A.\ 

(b)  Join  the  points  A  and  A'  bg  a  straight  line,  which  will  be  the  prof ection  of 
the  ship's  line  of  position  at  the  first  observation,  and  on  or  near  this  or  this 
prodticed  the  ship  is  situated.  To  find  the  direction  ^^tf  the  edge  of  the  parallel 
ruiers  on  the  line  A  A'  and  move  them  to  the  centre  of  the  compass,  the  direction  ie 


8^.  l^ofect,  in  exactly  the  same  manner,  B  B',  the  ship's  line  of  position, 
corresponding  to  the  second  altitude.    That  is, 

(a)  On  the  less  assumed  latitude  mark  the  spot  corresponding  to  longitude  B, 
and  on  the  greater  assumed  latitude  mark  the  corresponding  longitude  B\ 

(b)  And  the  line  joining  the  points  B  B',  will  be  a  second  ship's  line  of  posi- 
tion, and  on  or  near  this  or  this  produced  the  ship  is  also  situated. 

The  position  of  the  ship  is  at  the  intersection  of  the  two  lines  thus  produced,^ 
from  which  its  Latitude  and  Longitude  are  found  in  the  usual  wag  on  the  graduated 
wseridian  and  the  graduated  parallel. 

Or  proceed  thus  :— 

9^.  On  the  less  assumed  latitude  mark  the  longitudes  A  and  B;  on  the  greater 
asiumed  latitude-  mevrk  the  longitudes  A'  and  B' ;  draw  ^  line  through  the'  points 
A  and  A!,  cutting  both  parallels  ;  also  draw  another  line  through  the  points  B  and 
B' :  the  position  of  the  ship  is  at  the  intersection  of  these  lines. 

The  following  example  will  illustrate  the  last  paragraph  of  the  rule : — 

Ex.  On  the  ist  day  of  Angaat,  1887,  At  aboat  io>>  apparent  time  at  ship,  an  altitade  of 
the  sun  was  observed,  the  latitude  by  dead  reckoning  being  50''  16'  North.  The  longitude 
ai  aaoertained  by  working  with  the  aasumed  latitudes  50"*  N.  and  51''  N.  are  as  follows  :— 

Longitude  oorresponding  to  50^  K.  is  7^   y  W.  (A). 
51^  N.  is  80  15'  W.  (A'). 

pMceed  as  in  the  preceding  rule  (0  project  the  ship's  line  of  position. 

*  If  the  lines  of  position  when  ooMputed  aUd  projected  intersect  considerably  beyond  one 
or  other  of  the  assomptions,  then  take  another  latitude,  a  little  beyond  that  of  the  inter- 
secting point,  compnte  anew  for  this,  and,  so  project  again.  The  position  will  be  more 
•ceuatciiy  determined  in  this  manner. 
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Mark  on  the  ohart  tlie  spot  (A)  oorreBpo&ding  to  latitade  50*  N.  and  longitude  7<*  5*  W. 
(see  plate).  Again,  mark  t^e  spot  oorrespooding  to  latitade  51*  K.  and  longitnde  S*  15^  W. 
on  the  chart  (A'}.    Draw  a  line  connecting  these  two  spots,  A  A'. 

At  3^  P.M.  of  the  same  daj  an  altitude  of  the  sun  was  observed,  the  ship  having  remained 
stationary  between  the  observations,  working  with  the  same  assumed  latitudes. 

Longitude  corresponding  to  50*  N.  is  8^  30'  W.  (B). 
51*  N.  is  5- 15' W.  (BO. 

Project,  in  ezactiy  the  same  manner  as  ahoye,  the  ship's  line  of  position  corresponding  to 
the  second  altitude  by  marking  off  on  the  parallel  of  50**  N.,  the  longitude  of  B  =  8<*  30'  W^ 
and  the  longitude  B  B'  =  5<»  15"  W.  on  the  parallel  of  5i<'  K.  Connect  the  two  points  B 
and  B'  by  a  straight  line. 

Then  A  A'  in  the  diagram  (see  plate)  shows  the  two  longitudes  corresponding  to  the/rK 
ohHTvation,  and  B  B',  the  longitudes  corresponding  to  the  9$eoHd  obs&rvatiam. 

The  intersection  of  these  lines  at  C  shows  the  position  of  the  ship. 

The  latitude  is  50**  19'  N.  instead  of  50*  16'  N.,  as  by  dead  reckoning;  the  longitude  is 
r  a7i'  W. 

The  line  B  B',  prolonged  until  it  meets  the  land,  gives  the  btering  of  Lundy  Island 
K.E.  by  £.  i  E.  (true). 

lo*'.  If  the  ship  has  changed  her  station  l^etween  the 
observations.— i9«^  off  from  any  part  of  tho  Une  AA'  the  difitanoe  iaiUd 
hetw$&n  the  oUervatiom  in  the  Hreetum  of  the  true  eouree  made  good.  Thnmgh  the 
point  thus  found  draw  a  paraOel  to  AA',  and  produce  it  tiU  it  meete  B  F;  and  the 
iateneotion  of  ite  new  porition  will  give  the  place  of  the  ship  at  the  second 
obeeiration. 

•  NoTB.— When  the  ship  is  steering  a  straight  course,  the  line  indicating  the  track  can, 
firom  any  point  in  A  A',  be  drawn,  and  the  distance  laid  off,  on  the  completion  of  the  second 
observation.  This  evidently  accomplishes  the  same  result  as  correcting  the  altitudes.  It 
possesses  the  advantage  of  being  simple,  and  when  the  chart  has  the  magnetic  compass 
piUted  upon  it,  the  compass  course  can  be  laid  off  between  the  observations.  Should  the 
run  happen  to  be  the  tame  or  the  oppetiU  p<nnt  to  the  first  line  of  position,  then  where  the 
two  lines  of  position,  •'.«.,  the  first  and  second,  cross  each  other,  will  show  the  ship's  posi« 
tion ;  consequentty,  it  will  not  be  necessary  to  lay  off  the  run  in  such  a  case. 

The  following  ezamplee  will  illustrate  this  part  of  the  role : — 

TiTAlfFT.Hfl. 

Sx.  I.  Suppose  in  the  forenoon  (see  preceding  example)  an  altitude  of  the  sun  was 
observed,  the  latitude  by  dead  reckoning  being  50P  14'  N.  The  longitudes,  as  ascertained 
by  working  with  the  assumed  latitudes  50^  N.  and  51*  N.,  are  as  follows : — 

Longitude  corresponding  to  5^*  N.  is  ^'*   5'  W.  (A). 
51*  N.  is  5- 15' W.  (A'). 

In  the  afternoon  of  the  same  day  a  second  altitude  of  the  sun  was  observed,  the  ship  in  the 
interval  having  sailed  N.E.  (true)  20  miles.  Working  with  the  same  assumed  latitudes  as 
before,  the 

Longitude  corresponding  to  50*  N.  is  8*  30'  W.  (B). 
Si*N.isri5'W.(B'). 

Project  A  A',  the  ship's  line  of  position,  or  line  of  equal  altitudes,  corresponding  to  the 
Jlrti  altitude.    The  ship  having  moved  in  the  interval,  the  projection  of  the  flnt  line  of 
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equal  altiiiidfls,  must  noir  be  moTod  panllftl  to  itself  in  the  direction  of  and  thcongh  the 
distance  of  the  run.  Set  off  from  any  part  of  the  line  A  A',  so  miles  dne  N.E.  Draw 
throogh  this  point  a  line  ad  parallel  to  A  A',  this  will  be  the  line  of  eqoal  altitude  at  the 
time  of  the  first  obserration,  corrected  for  change  of  station.  (See  plate.)  Next  project 
B  B',  the  line  of  eqnal  altitude  corresponding  to  the  second  observation.  The  intersection 
at  (T  of  the  line  B  B'  with  a  d^  or  that  corresponding  to  the  first  obserration  as  corrected  for 
change  of  station,  shows  the  position  of  the  ship.  The  latitude  is  50"*  %%'  N.,  instead  of 
50*  14'  N.,  as  by  dead  reckoning ;  the  longitude  is  6"*  5S'  W. 

It  will  be  evident  that  the  second  observation  will  not  give  the  same  altitude  as  if  the  ship 
had  renuuned  stationary,  but  will  give  a  line  of  position  or  line  of  equal  altitude  so  geo- 
graphical miles  further  to  N.E.  Be  careAil  not  to  confound  these  with  longitudinal  miles, 
as  in  this  lat.  20  geographical  miles  equal  31  miles  of  longitude. 

Ex.  a.  It  is  required  to  project  two  observations  of  the  sun,  showing  by  the  intersection 
of  their  lines  of  poeition  the  place  of  the  ship,  supposing  the  ship  to  have  sailed  K  JB.  by  E.  \  E. 
(true),  19  miles,  in  the  interval  between  the  observations. 

The  longitudes  at  the  first  observation,  by  working  with  the  assumed  latitudes  49®  40'  K. 
and  50P  cf  K.,  were  as  follows :— 

Longitttde  corresponding  to  latitude  49*  40'  N.  is  177''  56^'  E.  (A). 

50-   o' N.  is  179- a7j' W.  (A'). 

Working  with  the  same  assumed  latitudes,  the  corresponding  longitudes  at  the  second 
observation  were  as  follows  :— 

Longitude  corresponding  to  lat.  49"*  40'  N.  is  179*  48}'  W.  (B). 
„        SO-   o'N.isi79M8'W.(B'). 

Mark  on  the  chart  the  spoAsorresponding  to  A,  lat.  49®  40'  N.,  long.  177^  56^'  E. ;  also 
the  point  A',  lat.  50^  o'  N.,  long.  179°  %i\  W.  Connect  these  two  points  by  a  straight 
line ;  this  is  the  ship's  line  of  position  at  the  first  observation.  Set  off  from  the  line  A  A'  19 
milas  in  the  direction  of  the  course,  KJB.  by  E.  \  B.  (true),  and  draw  a  line  ad  through 
this  point  parallel  to  A  A',  which  will  be  a  projection  of  the  line  of  position  at  the  first 
observation  for  the  run  of  the  ship. 

Again,  mark  the  spot  B  in  lat.  49"*  40'  N.,  long.  179°  48^  W.,  and  the  spot  B'  in  lat. 
50P  C  N.,  long.  179®  48'  W.;  these  two  points  being  joined  by  a  straight  line  are  a  projec- 
tion of  the  ship's  line  of  poeition  at  the  second  observation,  and  the  intersection  of  this  line 
B F  with  the  line  ad  (or  the  line  of  position  at  the  first  observation  corrected  for  change 
of  station)  gives  the  place  of  the  ship  at  the  second  observation,  lat.  C  50®  3'  K.,  long. 
1790  48*  W. 

ThJInd  ih$  Jam  ofFowtum  and  8un*i  This  Bsanring  atjknt  oburwUum, 

The  first  line  of  position,  A  A',  trends  E.  by  K.  and  W.  by  8.,  and  by  drawing  a  Hue  at 
right-angles,  or  eight  points  from  the  northerly  direction  of  the  line  of  position  to  the  east- 
ward (the  altitude  being  taken  a.m.)  we  have  the  sun's  true  bearing  is  8.  by  E.  or  S.  1 1}"*  E. 

We  shall  now  proceed  to  work  out  in  full  detail  an  example  showing  how 
to  determine  the  ship's  position  by  the  interseotion  of  lines  of  position  corres- 
ponding to  two  altitudes  of  the  sun,  having  given  the  ship's  course  and  dis- 
tanoe  in  the  interval. 

Ex.  3.  1887,  March  ist,  a.m.  at  ship,  and  uncertain  of  my  position,  when  the  chron. 
slkowed  February  ^%^  13^  14™  15*  M.T.G. ;  suppose  the  obs.  alt.  sun's  l.l.  19®  46'  50^,  and 
again  p.v.  same  day,  when  the  chronometer  showed  March  i<  4^  14"  55%  the  obs.  alt.  sun's 
I..L.  15^  47'  10',  the  ship  having  made  so  miles  on  a  true  K.E.  course,  height  of  eye  20 
ftet:  required  the  line  of  position,  also  the  bearing  of  the  sun  when  the  first  altitude  was 
tak«,aad  the  position  of  the  ship  by  Snmner's  Method  when  the  ieoond  altitude  was  taken. 
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Pkojeet  A  A',  the  ahip'i  line  of  poaition,  or  line  of  equal  altitudes,  corresponding  to  the 
Jk9t  aMMode.  Next  projeol  B  B*,  the  Hn«  of  eqoal  altitudes  eovrespoBdiag  to  the  second 
oheerfaAioa.  The  ship  havUig  moved  in  the  interval  between  the  obserraittoae,  the  profee* 
tion  of  the  first  line  of  equal  altitudes,  must  now  be  moved  parallel  to  itself  in  the  direolion 
off  and  through  the  distance  of  the  run.  Set  off  Ik-em  any  part  of  A  A',  ae  miles  duie  K.B., 
as  follows :— 

Vrom  the  graduated  meridian  opposite  the  line  extending  from  A  to  A'  take  off  the  dis* 
^ace3omil^withil^4i▼i<iw8;  la^  tiie  diTidars  down^  and  taking  the  paraUd  mlo*  plM« 
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them  on  the  oompaaa  in  the  ooraer  of  the  ohart,  over  N.E.  and  S. W. ;  then  woilc  the 
parallels  (striotly  pre6er?ing  the  direotion)  towards  the  line  of  the  first  position  A  to  A' ; 
having  reached  that  line,  draw  another  extending  from  anj  part  of  it  in  the  direction  of  the 
oonrse  N.E.,  and  on  this  last  line  lay  off  the  so  miles  of  distaaoe  already  taken  with  yoor 
dividers.  Lay  the  ed^  of  the  parallels  on  the  line  A  A',  and  working  them  (preserving  the 
direction)  to  the  point  jost  laid  off;  draw  through  this  point  another  line  a  a'  parallel  to 
A  A'.  The  intersection  at  0'  of  the  line  B  B'  with  a^  or  that  of  the  first  obeerration  as 
corrected  for  change  of  station,  shows  the  position  of  the  ship.  The  latitude  is  49*  4a'  K.» 
the  longitude  is  6*  ao'  W. ;  line  of  bearing  at  first  observation  E.K.E.  (N'ly),  W.8.W.  (S'ly). 
True  anmuth  8.  24"*  E. 

KoTB. — ^The  longitudes  corresponding  t6  the  two  latitudes  by  the  second  observation  are 
not  now  furnished  to  the  Candidate  by  the  Examiner;  the  Candidate  will,  consequently^ 
be  required  to  work  out  the  whole  of  the  problem  for  themselves^  in  place  of  the  explana- 
tion formerly  required,  and  must  be  prepared  to  find  the  sun's  bearing  at  the  time  of  taking 
either  the  first  or  second  observation. 

ETAVyTiKH  FOB  FlUOTIOB. 

1.  1887.  If  at  sea»  March  ist»  a.m.  at  ship,  and  uncertain  of  my  position,  when  the 
chronometer  showed  February  18^  xo>>  50»  54*  M.T.G.;  suppose  the  obs.  alt.  sun's  l.l. 
29®  46'  50* :  and  again  p.m.  on  the  same  day,  when  the  chronometer  showed  February 
s8^  15^  5on  49*  M.T.G.,  obs.  alt.  sun's  l.l.  15°  47'  lO*,  the  ship  having  made  3a  miles  on  a 
true  E.  by  K.  course,  height  of  eye  19  feet. 

Bequired  the  line  of  bearing  when  the  first  altitude  was  taken,  and  also  the  bearing  of 
the  sun  by  projectbn,  and  the  position  of  the  ship  by  Sumner's  Method  when  the  second 
altitude  was  taken,  assuming  the  ship  to  be  between  latitudes  49°  10'  K.  and  49**  40'  N. 

2.  1887,  May  X9th,  A..M.  at  ship,  and  uncertain  of  my  position,  when  the  chronometer 
showed  May  18^  2%^  x»  39*  M.T.G.,  oba.  alt  sun's  l.l.  48"*  57',  and  again,  p.m.  the  same  day, 
when  the  chronometer  showed  May  19^  3**  41™  i8*  M.T.G.,  oba.  alt.  sun's  l.l.  40®  45'  15', 
the  ship  having  made  between  the  observations  25  miles  on  a  true  E.K.E.  course,  height  of 
eye  18  feet :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the  position 
of  the  ship  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming  latitudes 
48<'  30'  N.  and  49*  &  N. 

3.  1 887.  If  at  sea,  November  8th,  ▲  jc  at  ship,  and  uncertain  of  my  position,  when  the 
chronometer  showed  November  7^  22^  29^  2*;  suppose  obs.  alt  sun's  l.l.  19*  49';  and  again, 
p.]f.  on  the  same  day,  when  the  chronometer  showed  November  8^  jf^  48*  57*  M.T.G.,  obs. 
alt  sun*s  L.L.  10*  50'  30*,  the  ship  having  made  41  miles  on  a  true  N.E.  by  E.  }  E.  course 
in  the  interval,  height  of  eye  19  feel:  required  tne  line  of  bearing  when  the  first  altitude 
was  taken,  assuming  the  ship  to  be  between  lats.  48^  10'  N.  and  48^  40'  N. 

4.  1 887,  February  3rd,  a.m.  at  ship,  and  uncertain  of  my  position,  when  the  chronometer 
showed  February  2*  22^  17*  i6«  M.T.G.,  obs.  alt  sun's  l.l.  19''  49'  50*;  and  again,  p.m« 
same  day,  when  the  chronometer  showed  February  2^  jf'  37"  n*  M.T.G.,  obs.  alt  sun's  l.l. 
10*  53'  30',  the  ship  having  made  39  miles  on  a  true  E.  by  N. }  N.  course  in  the  interval, 
height  of  eye  19  feet :  required  the  Une  of  bearing  when  the  first  altitude  was  taken,  and 
the  position  of  the  ship  by  Sumner's  Method  when  the  second  altitude  was  observed, 
assuming  the  ship  to  be  between  lats.  48*'  10'  N.  and  48^  40'  N. 

5.  1887,  April  xst,  jlm,  at  ship,  and  uncertain  of  my  position,  when  the  chronometer 
■howed  March  31'  20^  45"  o*  M.T.G.,  obs.  alt.  sun's  l.l.  27**  47'  lo*;  and  again,  p.m.  same 
day,  when  the  chronometer  showed  April  1*  i^  58n  40*  M.T.G.,  obs.  alt  sun's  l.l.  37*  36'  10% 
the  ship  having  sailed  16^  miles  on  a  (true)  N.W.  }  W.  course  in  the  interval  between  the 
observations,  height  of  eye  20  feet,  required  the  line  of  bearing  when  the  first  altitude  wis 
taken,  and  the  position  of  the  ship  by  Sumner's  Method  when  the  second  altitude  was  taken, 
iSfuming  the  ship  to  be  between  latitudes  ^i*"  o'  N.  and  51"*  30'  N, 
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6.  1887,  Maroh  a7thy  am.  at  ship,  and  anoertaia  of  my  position,  when  chronometer 
showed  March  26^  to^  26'»  24"  G.M.T.,  obs.  alt.  sun^s  l.l.  36''  38'  30' ;  again,  p.m.  same  day, 
when  chronometer  showed  March  26<i  16^  37™  10%  obs.  alt  san's  l.l.  15**  15'  20',  height  of 
eye  22  feet,  course  and  distance  sailed  in  the  interval  between  the  observations  S.  by  £.  f  E. 
(trae),  distance  24  miles:  required  the  line  of  position,  also  the  bearing  of  the  sun  by  pro<* 
jeotion  when  the  first  altitude  was  taken,  and  the  position  of  the  ship  when  the  second 
altitude  was  observed,  assuming  the  ship  to  be  between  latitudes  51**  40'  K.  and  51"*  10'  N. 

7.  1887,  June  nth,  a.m.  at  ship,  and  uncertain  of  my  position,  when  the  chronometer 
showed  June  lo'  16^  54™  zo*  M.T.G.,  the  obs.  alt.  sun's  l.l.  31**  9'  20';  and  again,  a.k. 
fame  day,  when  the  chronometer  showed  June  10^  19^  io>»  36*  M.T.G.,  obs.  alt.  sun's  l.l. 
52"  50'  15',  the  ship  having  made  15  miles  on  a  true  N.K.W.  course  in  the  interval,  height 
of  eye  15  feet:  required  the  line  of  position,  also  the  true  bearing  of  the  sun  by  projection 
when  the  first  altitude  was  taken,  and  the  latitude  and  longitude  of  the  ship  when  the 
second  altitude  was  observed,  assuming  latitudes  48^  o'  N.  and  48^  20^  N, 

8.  1887,  January  24th,  a.m.  at  ship,  being  uncertain  of  my  position,  when  the  chrono^ 
meter  showed  January  2^*  9^  14°^  44*,  obs.  alt.  sun's  l.l.  9"*  40'  xo*' ;  and  again,  p.m.  same 
day,  when  the  chronometer  showed  January  24^  i^^  i4«  30*  M.T.G^.,  obs.  alt.  sun's  l.l. 
iV*  31'  15*,  the  ship  having  made  23  miles  on  a  true  S.E.  ^  S.  course  in  the  interval,  height 
of  eye  22  feet :  required  the  line  of  position  when  the  second  altitude  was  taken ;  also  the 
bearing  of  the  sun  by  projection,  and  the  latitude  and  longitude  of  the  ship  when  the  second 
altitude  was  taken,  the  ship  being  supposed  to  be  between  the  parallels  of  51*  15'  N.  and 

9.  1 887,  March  2  ist,  a.m.  at  ship,  being  uncertain  of  my  position,  when  the  chronometer 
showed  March  20*  20^  38'»  58%  obs.  alt.  sun's  l.l.  22°  49'  50*;  again,  p.m.  same  day,  when 
chronometer  showed  March  2i«*  2*^  i8«  50"  M.T.G.,  obs.  alt.  sun's  l.l.  32^  29' 50',  the  ship 
having  made  29  miles  on  a  true  N.  52°  W.  course  in  the  interval,  height  of  eye  21  feet: 
required  the  line  of  position  when  the  first  altitude  was  taken,  also  the  sun's  true  bearing 
by  projection,  and  the  latitude  and  longitude  of  the  ship  when  the  second  altitude  was 
observed,  sssuming  the  ship  to  be  between  the  latitudes  50*"  10'  K.  and  50*  50'  N. 

10.  1887,  December  30th,  a.m.  at  ship,  being  uncertain  of  my  position,  when  chrono- 
meter showed  December  29^  2i»»  36™  8»  M.T.G.,  obs.  alt.  sun's  u.l.  10*  8'  io»;  and  again, 
P.M.  same  day»  when  the  chronometer  showed  December  ^(^  c^  s^^  S4*  M.T.G.,  obs.  alt. 
sun's  n.L.  iG"  15^  20",  the  ship  sailed  E.N.E.  29^  miles  in  the  interval,  height  of  eye  2a  fbeti 
required  the  line  of  position,  also  the  true  bearing  of  the  sun  by  projection  when  the  first 
altitude  was  taken,  and  the  position  of  the  ship  by  Sumner's  Method  when  second  altitude 
was  observed,  assuming  the  ship  to  be  between  lats.  5o<>  o'  K.  and  50*'  20'  K. 

11.  1887,  June  17th,  A.M.  at  ship,  and  uncertain  of  my  position,  when  chronometer 
showed  June  16*  i8>»  24«  3*,  obs.  alt.  sun's  l.l.  ji*  50'  40';  again,  p.m.  same  day,  when 
chronometer  showed  June  i6<>  21^  23™  30*,  obs.  alt.  sun's  l.l.  63<>  34'  1",  the  ship  having 
made  33  miles  on  a  true  S.E.  ^  S.  course,  height  of  eye  20  feet :  required  the  line  of  position, 
also  the  bearing  of  the  sun  by  projection  when  the  first  altitude  was  taken,  and  the  latitude 
and  longitude  when  the  second  altitude  was  observed,  assuming  latitudes  48*  50'  N.  and 
48*  td  N. 

12.  1887,  October  S9th,  a.m.  at  ship,  and  uncertain  of  my  position  when  a  chronometer 
showed  October  2^*  4^  9™  12*  G.M.T.,  obs.  alt.  sun's  l.l.  28"*  18';  again,  p.m.  same  day, 
when  chronometer  showed  Oct.  29'  7^  39"^  12*,  obs.  alt.  san's  l.l.  16^  40',  the  ship  having 
sailed  in  the  interval  15  miles  on  a  true  W.  {  S.  course,  height  of  eye  20  feet:  required 
the  line  of  position,  also  the  bearing  of  the  sun  by  projection  when  the  first  altitude  was 
taken,  and  the  latitude  and  longitude  when  the  second  altitude  was  observed,  assuming 
latitudes  47*  3<»'  N.  and  47*  5®'  N. 
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BEMABKS  ON  THE  DEGBEE  OF  DEPENDENCE. 

188b  We  have  seen  that  the  line  of  position  is  at  right-angles  to  the 
direction  of  the  object,  hence  the  line  of  position  itself  can  be  obtained  from 
0^  assumed  latitude  if  the  tme  bearing  of  the  sun  or  celestial  object  observed 
be  known.  The  Tables  of  the  Sun's  True  Bearing,  or  Time  Azimuth  Tables, 
by  BuBDWOOD,  for  the  parallels  60®  to  30°,  and  the  tables  of  Davis  for  the 
parallels  of  30^  to  the  equator  give  the  true  bearing  of  any  celestial  object 
whose  declination  does  not  exceed  23^.  The  tables  of  Labbosss  may  also  be 
used  for  the  same  purpose.  By  means  of  these  tables  the  computation  of  a 
Sumner  is  shortened  by  one-half. 

188b  When  the  altitude  of  the  celestial  object  is  low,  the  oirde  of  equal 
altitudes  is  large,  the  small  portion  of  it  comprised  between  two  assumed 
latitudes  is  very  nearly  a  straight  line ;  but  when  the  altitude  is  high,  the 
circle  is  small,  a  small  portion  of  it  may  be  much  curved,  and  the  direction 
of  the  two  extremities  very  different ;  that  is,  the  bearing  of  the  land  and 
the  sun's  azimuth  may  be  sensibly  different  for  different  parts  of  the  same 
portion.*  An  error  in  the  assumed  latitudes  has  therefore  most  effect  when 
the  altitude  is  high  and  least  when  it  is  loW|  which  last  is  always  the 


180-  If  the  sun  is  on  the  prime  vertical  at  both  observations,  the  lixles  of 
position  will  run  North  or  South,  and  there  will  be  no  intersection. 

If  the  latitude  and  declination  are  equal  nearly,  the  lines  of  position  will 
not  change  their  direction  sufficiently  to  depend  upon  their  intersection. 

When  the  body  is  near  the  prime  vertical,  errors  in  the  latitude  have  the 
least  effect  upon  the  corresponding  longitudes. 

When  the  body  is  near  the  meridian,  errors  in  the  longitude  have  their 
least  effect  upon  corresponding  latitudes. 

The  value  of  the  method  depends  entirely  on  the  latitude  assumed  being 
near  the  truth. 

181*  When  the  coast  trends  parallel  to  the  line  of  position,  the  distaaoe 
of  the  ship  from  the  shore  is  ascertained,  though  her  absolute  position  is 
uncertain.  When  the  observation  is  near  noon,  the  line  of  position  lies 
nearly  E.  and  W.,  and  the  bearing  of  land  in  this  direction  is  ascertained; 
but  when  the  sun  Ib  E.  or  W.,  the  line  of  position  is  nearly  N.  or  S.,  and 
the  position  of  the  ship  depends  altogether  upon  the  chronometer. 

182b  If  there  is  an  uncertainty  in  the  altitude,  draw  oh  each  aide  of  the 
line  of  position  lines  parallel  to  it,  and  distant  from  it,  the  amount  of  the 
supposed  uncertainty,  and  the  position  wUl  be  somewhere  within  this  bM  or 
linear  space.  Again,  if  a  second  altitude  which  gives  another  line  of  position 
is  also  doubtful,  we  project,  as  before,  lines  on  each  side  this  last  line  of  posi- 
tion, and  to  the  extent  of  the  error  of  the  altitude ;  we  thus  get  a  space 

•  It  will  always  be  jadioioiid  to  check  the  li&e  of  position,  which  is  v«ty  easily  done  by 
means  of  the  Time  Asimuth  Tables  just  referred  to.  By  enteriofl^  the  tables  with  earn 
assamed  latitude,  the  declination  of  the  object,  and  its  Kiven  hoar-angle,  the  true  besriniif 
for  e«oh  latitude  ia  found ;  then  at  each  end  of  the  line  of  position,  project  the  line  parpen- 
id^ciUar  to  the  tme  bearing  just  found ;  the  point  of  crossings  of  the  two  perpendioalars  will 
show  whether  or  not  the  fins  of  position  is  good. 
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(indioftled  by  a  quadrilateral)  within  wluoh  is  the  ship's  position,  and  the 
area  of  the  space  is  more  ciroomsoribed  Uian  either  belt  The  angle  between 
the  lines  of  position  determines  the  form  of  the  qnadrilateral,  as  it  changes 
its  ontline  considerably  for  smaller  or  greater  angles;  its  area,  neverthelessi 
defines  the  limit  of  error,  though  the  exact  position  of  the  point  within  it  is 
nnlknown. 

In  the  same  manner,  if  there  is  an  uncertainty  in  the  Greenwich  timSi 
parallels  may  be  drawn  on  each  side  of  the  line  of  position  equal  to  this 
nnoertainty.  If  now  a  small  error  in  the  chronometer  is  assumed,  this  error 
can  be  delineated  around  the  quadrilateral  just  found,  but  as  tlus  gives  no 
error  in  latitude  we  get  a  figure  of  different  form — a  hexagon,  which  deter- 
mines the  limit  of  error  of  the  point,  and  gives  an  area  of  certitude  within 
which  the  ship's  position  Hes. 

The  error  of  the  chronometer  places  the  Hue  of  position  too  far  East  or 
West  bodily,  but  does  not  alter  its  direction;  hence,  when  there  is  but  one 
chronometer  on  board,  and  its  accuracy  is  doubtful,  by  placing  a  vessel  on  a 
line  of  position  she  might  unsuspectingly  be  brought  into  danger,  as,  for 
instance,  on  the  West  Coast  of  Ireland,  when  supposed  making  for  St.  George's 
GhanneL  Th$  ind%eati<ms  of  an  unverified  ehronomeUr  muet  not  be  taken  ae  giving 
a  reUMe  Une  ofpoeition  ;  and  in  a  vessel  so  circumstanced,  special  attention 
should  be  paid  to  the  latitude  and  to  the  three  L's  generally — ^the  parallel  on 
which  the  ship  is  having  been  ascertained,  it  remains,  if  nearing  Uie  land,  to 
feel  the  way  by  the  lead,  and  keep  a  good  look  out. 

▲  position  obtained  by  two  altitudes,  with  an  interval  between  the  obser- 
vationsy  is  affected  to  the  extent  of  the  errors  of  the  dead  reduming  duxlng 
the  interval,  and  by  error  in  the  altitudes. 

The  position  determined  by  simultaneous  altitudes  of  two  stars,  so  selected 
that  the  angle  between  their  verticals  is  such  as  to  develope  a  good  point  of 
intersection,  can  only  be  affected  to  the  extent  of  the  errors  of  altitudes  and 
those  of  the  chronometer;  and  the  seaman  should  lose  no  opportunity  of 
observing  them. 

VARIATION  BY  AN  AZIMUTH. 


In  this  problem  the  Brrar  0f  tbe  CompftflB  is  required  by  computiBg 
the  True  Bearing  of  the  Sun,  and  taking  the  difference  between  the  True 
Bearing  and  the  Bearing  by  an  Azimuth  Compass. 

193-  True  Azimuth  is  the  bearing  of  an  object  from  the  true  North 
or  South  point,  and  is  the  azimuth  found  by  calculation  from  the  observed 
altitude  or  hour-angle  of  the  body.  It  is  in  general  simply  called  The 
^^JjomMj*^  but  it  is  thus  qualified  as  the  True  Azimuth  to  distinguish  it  from 
the  Magnetic  Azimuth,  which  is  the  bearing  of  the  object  from  the  compass 
North  or  South  point,  and  which  is  found  by  direct  observation  with  an 
instrument  carrying  a  magnetic  needle.  The  difference  between  the  true 
and  observed  azimuth  gives  the  entire  correction  of  the  compass — variation 
and  deviation  combined. 
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194!«  The  Altitude  Azimuth  is  the  problem  of  oompnting  the 
Azimuth  of  a  heavenly  body  from  an  observation  of  its  aUitude,  having  also 
given  its  declination  and  the  latitude  of  the  plaes  of  ohs^rvatton. 

195.  The  Time  Azimuth  is  the  problem  of  computing  the  Azimuth 
of  a  heavenly  body  (the  sim  being  usually  chosen)  from  noting  by  chrono- 
meter its  hour-angle,  having  also  given  its  declination  and  the  latitude  of  the 
place  of  observation. 

196-  The  best  method  of  determining  the  "  Sun's  True  Bearing,"  or 
Azimuth,  is  by  what  is  known  as  ''Time  Azimuths;"  it  requires  but  one 
observer,  and  is  very  often  available,  whether  the  ship  is  in  port  or  at  sea, 
when  the  altitude  cannot  be  observed  on  acooimt  of  the  horizon  not  being 
visible,  the  sun  shining  brightly  all  the  while.  The  only  objection  to  time 
azimuths  has  been  the  difOlculty  attendant  on  their  calculation,  accordingly, 
several  contrivances  have  been  adopted  to  reduce  this  labour.  Amongst 
these— what  are  known  as  Time  Azimuth  Tables,  or  Tables  of  the  Sun's  True 
Bearing,  have  been  published — ^those  by  Bubdwood  give  the  True  Bearing^ 
of  the  Sun,  or  any  celestial  object  whose  declination  does  not  exceed  2$°  for 
the  parallels  of  60°  to  30°,  and  the  Tables  of  Davis  for  the  parallels  of  33°  to 
the  Equator,  calculated  for  every  four  minutes  of  apparent  time  when  the 
altitude  of  such  object  is  suitable.*  Candidates  at  Uie  Local  Marine  Board 
Examination  are  expected  to  be  able  to  calculate  the  True  Azimuth  by  means 
of  either  of  these  Tables. 

197-  Given  the  altitude,  latitude,  and  declination  of  an  object,  to  find  the 
True  Azimuth. 

EULELXXVn. 

i^.  Add  together  ths  polar  dutanee,  th$  latitude^  and  the  altitudSf^  take  hatf 
the  ium,  and  take  the  difference  between  the  half  sum  and  the  polar  diet. 

KoTB. — When  the  Utitade  is  o,  lappoae  it  to  be  of  opposite  name  to  the  deoUnation  when 
findings  the  polar  diatanoe. 

i"".  Add  together  the  log.  eec.  of  latitude^  the  log.  eee.  of  attitude  (rejecting  tens  J 
the  hg.  cosines  of  the  half  sum  and  remainder;  the  sum  (refecting  tens  J  is  log.  sine 
square  of  true  aumuth  (Table  69,  Eaper).  Or  half  the  sum  of  the  four  logs,  is 
the  log.  sine  of  half  of  the  true  animuth^  which  take  out  of  the  table  (Table  XXIY, 
Nobis),  and  double  it ;  the  result  is  the  true  osmw^A. 

3°.  Write  S.  before  the  degrees^  Sfc.^  of  the  true  azimuth  when  the  lat.  is  N.y 
hut  write  N.  before  the  degrees^  Sec,  of  true  hearing  when  the  lat.  is  8.;  also, 

•  In  connection  with  Time  Aaimntha  at  sea  Baiw  &  Ainblst's  Ookpa.88  Oobbbctob  will 
be  found  inyalnable.  By  means  of  it  the  trae  bearing  of  the  ship's  head  is  determined  so 
that  by  comparing  it  with  the  bearing  shown  by  the  Standard  Compass  the  deyiation  of  tho 
latter  can  be  ascertained. 

t  The  learner  will  observe  that  in  this  formulsd  the  pol.  dist.,  lat.,  and  alt.,  occor  in  the 
reverse  order  of  that  in  Rule  LXXIII,  page  222  (findiog  hour*>angle)  in  which  the  initials 
ibrm  the  word  alp.  In  finding  the  aiimuSi  the  initials  form  pla.  The  and  and  3rd  terms 
take  secants ;  the  last  two,  cosines.  By  this  arrangement  the  term  which  has  to  be  taken 
from  the  half  sum  is  always  on  the  top— there  being  a  difference  in  finding  the  remainder 
from  that  ft>r  finding  the  honr-angie. 
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wriU  E.  after  the  degrsei,  ^0.,  qftrue  hearing  when  ii  U  A.X.,  in' th$  nm  U  1^,  of 
mmidMm^  but  write  W.  after  the  true  hearing  when  the  eun  ie  W.  of  meridian^  or 
it  ii  P.X. 

NoTB.— The  Asimiiths  ue  reckoned  from  the  North  and  Sonth  points  of  the  oompaas^ 
mi  from  East  and  West  same  as  amplitudes. 

(a)  When  latitude  is  0%  if  declination  ie  N.,  reehm  the  Mimuth  from  the 
SonUi ;  (f  declination  i$  S.,  reekon  the  OMinmthfrom  the  North. 

(b)  When  both  latitude  mid  declination  are  o%  the  ohfeet  moves  on  the  prime 
vertieaij  or  is  'E.  while  the  altitude  is  increasing  and  W.  while  the  altitude  is 
decreasing. 

NoTB. — ^The  logs,  are  taken  out  in  these  examples  to  the  nearest  seoond. 


Ex.  I.  Given  the  latitude  47*^  46'  8. ; 
declination  23"  27'  a  2'  (or  polar  distance 
^7*  3»'  38')*  tme  altitude  26*  44'  8*  mer^aamg 
(being  A.]f.) 

Polar  dist         67*32' 38* 

Latitude  47  46    c      sec.     0*172533 

Altitude  26  44    8      sec.     0*049103 


Sum                 143    2  46 

Half  sum          71    i  23 

COS.    9*5t»i34 

Half  sum— p.d.   3  28  45 

cos.    9"999'99 

1)19*732969 

47*  »o'   7' 

2 

sine   9*866484 
470 

IVne  as.        N.  94  40  14  E. 


7"  =14 


ttdmnth  is  b«re  marked  N.  bebauae  the  latitude  is  8., 
«BdS.1)ecaue  the  altitude  is  increatin^,  it  being  A.]f. 

Ex.  3.    Latitude  28^  3'  K.»  declination 
12*  39'  50*  8.,  true  altitude  25*  12' 4'-)-  (a.x.) 

Polar  dist.  1 02*  39'  50* 
28  3  o 
»5  "    4 


Latitude 
Altitude 


sec. 
sec. 


0*054267 
0*043438 


Sum 
Halfi 


^SS  54  54 


77  57  27      cos. 


p.  dist. — I  sum  14  42  23     cos. 


9-319392 
9'958307 


») '9*375404 

Halfaiimnth    29*  9' *V    ^^    9*687702 
2  616 


Tme  ax.       8.  58  18  46  E.         23'  =  86 

The  sum  of  the  four  logs.  (lejeotiiig  10  from  the 
index)  9  375404,  is  the  lo)^.  nne  square  of  true 
aaimuth;  seek  for  log.  in  Table  69,  Bapbe,  and  the 
eoRetDondingaroiS58"i8'46",irhenoetrue  " 

ii  S.  sFitT*  a.,  «to  SnSB  n  IT  Voux'i 


TMtm. 


Ex.  2.    Latitude  38^  46'  N.,  declination 
7*  41'  56'  8.,  true  altitude  27®  16'  i2*— p.m. 


Polar  dist. 

Latitude 

Altitude 


97*41' 56" 
38  46    o 
27  16  12 


0*108071 
0*051168 


Sum 

163  44    8 

Half  sum 

81  52    4 

COS.    9*150627 

Bemainder 

15  49  5» 

COS.    9'9«3W7 
2)19-293073 

26»i8'i5'' 

2 

sine    9*646536 
474 

True  as.        8.  52  36  30  W.        15*  =  62 

The  sum  of  logs,  (rajeoting  10  flrom  index),  tIs., 
293073,  being  found  in  the  log.  sine  square  (Table 
}f  Kapkb)  ^ves  the  oorresponding  aro  520  36'  30*^, 


69, 
whenoethe 


glTes  the  oorresponding  aro  520 
true  aiimuth  is  S.  52*  36'  30*  W. 


Ex.4.    Lato^deolinaftioni50  2'27'K., 
tme  altitude  24®  12'  10*  — . 

Polar  dist        105"  2'  27' 

Latitude  000      sec.     0*000000 

Altitude  24  12  10      sec.    0*039957 

Sum 

Half  sum 

"Remainder 

Half  asimnth 


"9  '4  37 
64  37  18 
40  »5  9 


cos.  9*632046 
COS.  9*881568 


36044'  6' 

2 


»)'9'55357' 
sine    9776785 


True  ax.       N.  73  28  12  W. 

The  lat.  is  here  assumed  to  be  of  the  opponU 


name  to  dedUnation,  and  pol.  dist.  is  got  by  adding 
"^  to  the  deoUnation.    The  true  aamuth  is  marlrad 
*  theMpotite 


OOP  to  the  deoUnation.    The  tme  aamuth  is  i 

N.,  Jhe  ^^poaite  nana  to  the  ^saSDmSd)  lat.,  and 


Digiti: 


zed  by  Google 


EZAMFUM    VOB  PBAOnOI. 

In  each  of  the  following  examples  it  is  required  to  find  the  true  asimnth. 
(The  sign  +  means  a.m.,  and  the  sign  —  means  p.m. 

X.    Trae  altitude  7'  43'  37'  +       Declination  1 1*  28'  32'  N.        Laiitade  51*  10'  N. 
a.  >•  »8  30  53  +  t»         ai  5^  45  8.  „        26  ao  N. 

3*  ..  '»  50  46  —  »  9  3^  51  I'T.  V        «5  47  S. 

4-  »*  7  «5  55  -^  »»  "  «4  38  S.  w        51    «  ^* 

5-  J.  45  30    o  —  »»  23    2    o  B.  „  00 
6,            „           25  40  10  -I-                „           000                   „         00 

EXILE  LXXVm. 

I^  To  find  tbe  Greenwich  date.— (a)  If  the  ship  time  is  giren— 
WHU  doum  the  mean  time  at  ehip  expreeeed  in  aetranomieal  time^  to  which  apply 
the  hnfitude  in  time^  adding  if  hngitude  is  West,  hut  subtracting  if  East :  the 
nsnlt  is  micaa  time  at  (Greenwich. 

(b)  If  time  by  chronometer  be  given  with  its  error  on  mean  time  at 
Qreenwich — lb  ^  time  hy  ehranometer  add  ite  error  if  slow,  hut  subtract  if 
fast :  the  result  is  Qreenwich  mean  time  of  observation. 

2^  To  find  the  Polar  Distance.— Ta^  from  page  II,  Nautical 
Almanac,  the  atn^e  deelination,  and  reduce  it  to  the  Greenwich  date  (Bule  TJIT^ 
page  183},  oho  take  out  the  eun^i  eemidiameter  from  page  U  at  the  month. 
Nautical  Almanac. 

If  apparent  time  is  given,  use  page  X  of  the  month  in  Nautical  Abnanae. 

Find  the  Sun's  Polar  Distance. — (a)  £ff  subtracting  the  decUnaiionfrvm 
90^  when  the  Miiude  and  declination  are  of  the  same  name. 

(b)  £ff  adding  90"^  when  the  latitude  and  declination  are  of  contrary  namee 
(Bule  LZI,  page  187). 

f.  To  find  True  Altitude.— Correct  observed  aUitude  for  indcM  err0r 
(±)i  ^P  (— )»  refraction  (— ),  parallax  (+),  eemidiameter  (±),  and  thue  yet  the 
true  altitude  (Bule  LXIH,  page  192). 

4«.  To  find  the  True  Azimath.— ^A^  together  the  pdar  dietance,  the 
latitude  and  the  altitude^  take  hd(f  the  eum^  and  take  the  difference  between  the  half 
eum  and  the  polar  dietance. 

5^  Add  together  the  secant  of  latitude,  secant  of  altitude  /"refecting  tens  in  the 
index  J  f  the  cosine  of  the  half  sum,  and  cosine  remainder ;  the  sum  f refecting  tens  J 
is  log.  sine  square  of  the  true  azimuth  (Table  69,  Bapbk).  Or,  half  the  sum  of 
the  four  logs,  is  the  sine  of  half  the  true  aninrnth,  which  take  out  of  the  table  (Table 
XXIV,  Nobis)  and  double  it;  the  result  is  the  true  ammuth  (Bule  LXXTII,  2% 
page  252). 

6**.  To  Name  the  True  JL^Imuthm— Beckon  the  Ihte  Azimuth  from 
8.  when  the  latitude  is  N.,  but  name  it  N.  when  latitude  is  S.,  towards  B.  when  it 
4S  A.M.,  or  when  the  altitude  is  increasing,  but  towards  the  W.  when  it  is  p.m.,  or 
the  altitude  is  deereasing  (Bule  LXXVII,  3^  page  252). 

NoTB.— When  ktitade  is  cP  Msame  it  to  be  8.  if  the  observed  bearing  is  Northerly,  but 
•0snme  tt  to  be  N.  If  Ike  observed  beftriag  is  Southerly;  this  will  obviate  the  aeoesslly  of 
having  to  iubtraot  the  tme  MiBMth  taaii$oo. 
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7''.  To  find  the  Brror  of  the  CoiiipaM.— iS^ibfi  ih$  true  attl- 
muth  amd  the  mnU  bearing  by  compass  from  th$  same  paint  of  th$ 
oompau^  North  or  Sontli. 

(a)  ifone  of  ih$  azifmaht  bo  oxproowd  from  iho  North  and  the  oihorfrom  iko 
South,  UiJte  the  true  MtnuUh  from  i8o°,  and  tho  remaindor  wiU  ho  in  iho  same 
mmno  (N.  orB.)  Mtho  loaring  hp  oompau. 

Ckutim.-^'Bo  oarefol  when  taking  the  true  bearing  fiom  i8o°,  hot  to  chang$  the  Sfttt  or 
IfMt  name;  only  the  Jforth  or  South, 

(b)  If  the  hoaring  hy  oompoM  ho  reeionod  ^m  East  or  Wdst  towards  iho 
same  point  ao  thai  from  which  iho  into  hoaring  io  reokonodj  subtract  iho  ohorvod 
hoaringfrom  90^  and  rooorso  iho  pooiiion  of  iho  lottors  ;  hut  if  the  ohsorwd  hoaring 
it  roohmod  towards  iho  opposite  point  from  which  iho  true  hearing  i$  rookonod, 
add  90®  to  iho  observed  bearing,  and  it  will  ho  oxprcuod  for  iho  opposite  j^tM 
io  ihaifrom  which  it  io  rookonod  when  taken  from  90^ 

"Rtaii-pt.-b. 
Sappeee  the  bearing  by  compsM  to  be  W.  i8<'  30'  K. 


Than  anbtraoting  the  observed  aaimnth 
from  90®,  roTene  t£e  position  of  the  letters; 
tkoi:^ 

90»  o' 
W.  18  30  N. 


Or,  add  90^  to  the  obaerred  ailmnth; 
thus:— 

W.  i«»3o'N. 
90 


8.  to8  30  W. 

The  aaimnth  in  this  caae  is  reckoned  from 
the  South  Pole. 


N.  71  30  W. 

The  aaimnth  is  thus  reckoned  from  the 
North  IPole. 

(c)  When  iho  Compaoo  Bearing  ic  either  East  or  West,  it  iotoho  roohmod  ao 
^^from  North  or  South,  according  a%  iho  Ihi$  Animuih  is  North  or  South* 

8^  Vhdor  (ho  TVue  Azimuth  write  iho  oun^c  hearing  hy  oompaoc  fhoth  hoing 
rookonod  from  the  oamo  point  of  iho  compaoo^  N.  or  S.,  see  note^  7V  omd  take  iho 
difference  of  thou  hearings  when  measured  towards  the  same  point  of  the 
eompatOt  i.e.,  if  both  are  East  or  hoth  West ;  hut  when  measured  towards  different 
poiniSf  i.e.,  when  one  is  reckoned  towards  East  and  the  other  towards  West,  take 
iho  sum,  the  result  is  the  error  of  the  oompass. 

•Zoi  the  ohserverlook  at 


9''.    Vd  Name  the  Brror  of  the  <#ompJ 

the  two  animuths  for  hearings  J  from  the  centre  of  the  compass^  then  if  the  true 
asimuth  is  to  the  right  of  the  bearing  hy  compass,  the  error  is  East,  hut  if  iho 
true  azimuth  is  io  the  left  of  the  oompass  bearing  the  error  is  West. 

Examples. 


Ex.  I.  GiTon  tme  aaimuth  K.  44**  20'  B. 
and  the  sun's  bearing  by  compasa  (or  mag- 
netio  aaimnth)  N.  17^  10'  K :  required  the 
entMT  of  oompaas. 

Trneaa  K.  44''ao'E. 
Hag.  as.  K.  17  10  £. 


Knur 


27  10  K 


The  obmmt  beina  sappooed 
looking  from  the  oentre  of  the 
compaw  hi  the  direction  of  the 
naoietio  anmuth,  then  the  tnu  aaimtUh  lies  to  the 
rMW  hittd  tt  the  magnetio  asimuth,  whence  the 
SHiv  «  sHivaii  H  to  bs  aaxk»dJl><(* 


Ex.  2.  Qivea  true  asimuth  8.  70**  C7'  E. 
the  magnetic  asimuth  S.E.  hj  E.  |  E.: 
required  the  error  of  oompaaa. 

Mag.  as.  8 JB.  by  E.  {  E.  =  8. 64*'  41'  E. 
True  as.  8.  70*>57'  K  m.a.    b 

Mag.  as.  $•  ^  41  £•  \ 


Error 


6  16  W. 


The  error  of  oompassisin  this 
inftaaee  West  beoaose  when 
looking  from  the  oentre  of  the  ^ 

oompesB  in  the  direction  of  ttie  ^ 

magnetic  asimuthi  the  <nM  oetiiMrtA  is  on  the  l«it 
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Ex.  3.  Given  trae  anmnth  8.  69**  W., 
magnetio  azimuth  8.  47*  W. :  required  the 
error  of  oompass. 

True  az.    8.  69"  W. 
Mag.az.    8.47  W. 


Error 


22  E. 


TheobBeryar  being  Buppoied 
looking  Arom  the  centre  of  the 
oompass  in  the  direction  of 
the  magnetio  anmnth  0  2C. 
then  the  true  asimuth,  0  T,  hes  to  the  right  hand  of 
the  magnetic  admnth,  whenoe  the  error  of  the  oom- 
paaaiaJBcMf. 


Ex.  4.  True  anmuih  K.  50"*  la'  E.,  and 
the  obserred  azimuth  K.  61**  5(/  E.:  re- 
quired the  oorrection  of  oompasB. 

True  azimuth  N.  50*  12'  E. 

Observed  azimuth    N.  61  50  E. 


Error  of  oompass      11   3S  W. 

The  error  of  oompaaa  is  here  West,  because  the  tme 
(utimuth  is  to  the  K^  hand  of  the  obsenred  asimuth, 
the  obeerrer  beinc  supposed  to  look  trom  the  centre 
of  the  compass  in  the  direction  of  the  magnetic 
aiimuth. 


£z.  5.  The  true  azimuth  8.  62*  41'  E., 
and  magnetio  azimuth  E.S.E. :  required  the 
error  of  compaaa. 

True  az.  8.  6a<'4i'  E. 
8.  6  pts.  E.  =  Mag.  aa.  8.  67  30  E. 

Error  of  compass       4  49  E. 

Hera  Che  error  of  oompass  is  East,  sinoe  the  true 
ammuth  is  on  the  right  of  the  magnetio  aiimuth,  the 
observer  looking  fh>m  the  centre  of  the  oompass  in 
the  direction  of  the  magnetio  aiimnth. 

Ex.  7.  True azimnthN. 7a*  E.,  magnetio 
azimuth  East 

True  azimuth  N.  7a°E. 

Mag.  azimuth  East  =  N.  90  E. 

Error  of  oompass    18  W. 

The  magnetio  aiimnth,  E.,  is  reckoned  as  9of*  from 
N.,  because  the  true  aiimuth  is  reckoned  from  N. 

Ex.  9.  The  true  azimuth  8.  90^  33'  E., 
and  magnetic  azimuth  N.  81®  20'  E. :  find 
the  error  of  oompass. 

True  azimuth      8.  90^33' E. 
180    o 

or  N.  89  27  E. 
Mag.  azimuth     K.  81  20  E. 

Error  of  compass        8    7  E. 

The  irtu  ammuth  being  reckoned  from  S..  while  the 
magnetio  aiimuth  is  expressed  from  N„  the  true  is 
subtracted  from  1800,  in  order  to  reckon  it  trcm  the 
■ffwia  point  as  the  magnetic  aiimuth,  yii.,  from  N. 

Ex.  IX.  True  azimuth  8.  36^  W.,  mag- 
netic azimuth  8.  9^  E. 


i:1Tl|l| 


True  azimuth 
Mag.  azimuth 

Error  of  compass     45  ^*  /  'N  ll^ 

Ex.  13.    True  azimuth  K.  49®  E.,  mag- 
netic azimuth  N.  3''  W. 


True  azimuth 
Mag.  azimuth 


Error  of  oompaai     5a  E. 


N.  49'B.  \  81 
N.   3W.(«', 


Ex.  6.  The  true  azimuth  8.  82*  50'  W., 
and  magnetio  azimuth  W.  15^  N. 

Trueaz.8.    8205o''W. 
W.  i5»  N.  =  Mag.  az.  8. 105    o  W. 

Error  of  oompass        22  xo  W. 

The  eiTor  of  compass  is  West,  the  true  ammuth 
being  to  the  left  qf  m€ignetie.  90^  is  added  to  the 
oompass  bearing  in  order  to  reckon  it  from  the  same 
point  as  the  true  aiimnth;  thus,  from  8.  to  W.  is  90^, 
and  fhnn  W,  to  W,  150  K,  is  150  more ;  henoe  mag* 
netio  aiimuth  is  B.  105"  W. 

Ex.  8.  The  true  azimuth  is  8.  76°  W., 
and  the  magnetic  azimuth  West. 

True  azimuth  8.  76*W. 

Mag.  azimuth  West  =  8.  90  W. 

Error  of  oompass        14    o  W. 

The  magnetic  aiimuth,  W.,  is  reckoned  as  900  tnm 
8.,  because  the  true  aiimuth  is  reckoned  from  8. 

Ex.  10.  The  true  azimuth  N.  69^9'  W.» 
and  magnetic  azimuth  8.  93^  30'  W. :  find 
the  error  of  compass. 

True  azimuth   N.  Sg^^^'W. 
180    o 

or  8.  iio  21  W. 
Mag.  azimuth  8.  93  30  W. 

Error  of  compass     16  51  E. 

The  true  animuth  is  here  taken  ftt»m  1800,  in  order 
to  reckon  it  fh>m  the  same  point  as  the  magnetSe 
asimutlu 


Ex.  X2.    True  azimuth  N.  68*  W.,  oh- 
serred  azimuth  N.  5^  E. 

True  azimuth      N.  68*>W.  \  §•§  ft 
Obs.  azimuth       N.   5  E.   |  f  «| 

Error  of  compass      73  W.  /  ^  |^^ 

Ex.  14.    True  azimuth  8.  50°  E.,  niag- 
netic  azimuth  8.  8*  W. 

True  azimuth       8.  co^E.  \  8*5  d 
Mag.  azimuth      8.    8  W.  |  f  ^| 

Error  of  oompam     ^8  W. )  ^  ||p£ 
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I  o''.  To  find  tbe  IteviBtlk&am^NiMt  pkce  ih$  variation  below  M#  eraor 
of  eompftBB,  then 

(a)  If  they  are  of  like  names,  i.e.,  are  both  East  or  both  West,  tah  their 
ot^eret^Mm 

Cb)  But  if  they  haTB  unlike  names,  i.e.,  if  one  is  East  m%d  the  o(her  m 
West,  take  the  sum. 

7^  sum  or  difEarence  fas  the  ease  may  be  J  is  the  deviation. 

1 1"".  To  Name  tlie  BeriatiOB.— FAd  ^eriatfcm  is  of  the  same 
name  as  the  error  uitlbss  the  error  has  been  subtracted  from  the  variatioily 
M  which  ease  the  deviation  i>  of  a  contrary  name  to  ths  error,  i.e.,  the 
deviation  ie  E.  whem  the  error  is  W.,  but  W.  when  error  ««  E.  (see  S" 
and  9^  of  Bole  LXY,  and  examples  illustrating  the  rule,  page  200. 

TO  XZNB  DEVIAZION  BY  TIMB  AZDCnXHB. 
EXILE  LXXrX. 

I*".  To  find  the  Oreenwicb  Sate.— (a)  If  mean  time  at  ship  is 
given. —  With  ship  time  f  expressed  astronomicattyj  and  longitude  find  the  Oreen^ 
wieh  date  (Bule  LYm,  page  179). 

(b)  If  time  by  chronometer  is  given  with  its  error  on  mean  time  at 
Oreenwioh. — To  the  time  by  chronometer  add  its  error  if  slow,  and  subtract  •/ 
fast :  the  result  is  mean  time  at  Greenwich. 

2''.  To  find  SecMnatton  and  Bqnation  of  Time.— Tdb  from 
page  n,  Nautical  Almanac,  the  sun^s  declination  and  reduce  it  to  the  Greenwich 
date  (Bule  LTX,  page  183);  aho  take  out  of  page  11  the  Equation  of  Kme  and 
reduce  it  to  Oreenwieh  date  (Bule  TiXTT,  page  189),  noting  whether  it  is  to  be 
added  to  or^uhtoacted  from  mesm  time. 

KoTB  i.^Be  oarefol  to  remember  that  Um  Efoiition  of  l^me  mast  be  applied  aa  directed 
at  the  top  of  the  oolamn  on  page  II,  Nautical  Almanac;  that  ia,  the  contrary  way  to  that 
«0ad  when  aaarMw  the  chrommghr, 

'Son  a. — ^At  the  examination  the  candidate  ii  required  to  calculate  the  trae  aiimiith  both 
from  4he  altitude  and  by  Ihe  ^*Time  Astrauth  Tablea/'  and  as^etSteen.  date  and  reduced 
d«tfinatioii  aire  Teqoired  to  be  feund  in  alt.-«tffliifh  qnesttona  it  is  nnnecetsary  again  to  find 
41m  Oreen.  dMe  and  redaoed  declination  aa  direotod  in  Biile»  t*  and  2*.  The  eqaation  of 
i  be  iMwd  aa  dirtetel  in  a«. 


To  find  Apparent  Time  at  Shipm  --lb  Oreenwieh  moan  iime  apply 
the  longiiuds  in  time  ty 

Subtracting  (^longitude  is  West. 
Adding  t/ longitude  is  East. 

The  reecdt  is  mean  time  at  ship. 

3^     To  mean  time  at  ship  apyly  the  Equation  of  Time  as  found  by  No.  z^^i  the 
xeeolt  is  apparent  time  at  ship^  which,  if  less  than  iz^,  that  is,  ifxJiL,  se  Ue 

IiXi 
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quantity  toith  whioh  to  enter  the  "  Time  Azimuth  Talke;"  hut  if  apparent  time 
exceeds  I2^  that  is,  if  it  is  a.m.  at  ship,  deduct  iz^  and  enter  the  Tablee  with 
the  remainder. 

4"^.  To  find  tbe  True  Azimuth.— /n  the  Tables  (Bubdwood's  or 
Davis')  Jind  the  degree  of  latitude  at  the  top,  aUo  declination  same  or  different 
namee^  at  the  top  of  ite  proper  column^  and  look  for  the  apparent  time^  which  u 
found  in  the  left  hand  margin  of  the  page  if  A..U. ;  hut  in  the  right  hand  column 
ifT.u.  at  ship  ;  then  in  a  line  with  the  time^  and  under  the  degree  of  the  declina^ 
tion  is  found  the  Sun's  True  Bearing,  or  Azimuth. 

NoTB.— In  BuHD wood's  Tables  there  are  lo  pages  to  each  latitude  (30^  to  60°)— the  first 
5  or  6  pages  are  to  be  entered  when  the  latitude  ii  of  the  tame  name  as  the  declination ;  the 
Temaining  portion  of  them  are  to  be  entered  when  the  latitude  and  declination  are  of  eenirttr^ 
names.  In  Dayis'  Tables  (lat.  0^  to  30°)  the  asimuth  is  given  in  preoiselj  the  same  foraa 
as  in  Bubdwood's. 

s"".    To  Vame  the  Sun's  True  Bearing,  or  Azimuth.— The 

true  azimuth  is  to  be  named — 

(a)  In  North  latitude— 

From  N.  towards  E.  in  the  morning, 
From  N.  towards  W.  in  the  afternoon. 

(b)  In  South  latitude— 

From  S.  towards  E.  in  the  morning, 
From  S.  towards  W.  in  the  afternoon* 

NoTB.«The  learner  most  carefully  note  that  in  this  problem  the  ^muth  is  named  the 
contrary  way  to  the  alt.-azimuth,  that  is  to  say,  it  is  named  from  the  point  of  the  same 
name  as  the  latitude,  whereas  in  the  alt.-azimuth  question  it  is  reckoned  from  the  opposito 
point  to  the  latitude. 

The  following  examples  will  illustrate  this  part  of  the  rule  :— 

EyAVFT.KB. 

Ex.  I.  Lat.  50*  N.,  decl.  1 1**  S.,  app.  time  at  ship  4^  ia«  tm.  :  reqnirad  the  true  aiimuth 
by  Burdwood*B  Tablet. 

In  the  Tables  (page  sic,  Burdwood'e  TahUe)  find  the  latitude  C50*}  at  the  top  of  the  page,  and 
the  declination  (ii*  %.)^e(mirary  name  to  latiiude -at  the  head  of  its  proper  column;  than 
under  this,  and  in  a  line  with  the  apparent  time  4^  ia«  found  in  the  Hght  hand  oolumm 
headed  <*  Apparent  time  p.w.,"  we  have  the  tme  azimuth  Z17*  57'.  The  latitude  being 
North,  prefix  N.  to  it;  and  as  it  is  p.m.  write  W. ;  hence  tme  azimuth  is  N.  117*  57'  W. 

Latitude  ^o*'  N.,  and  declination  ii*  6. ) 

(Deolination  contrary  name  to  Latitude)  {  give  in  Burdtcood'e  XiaHee,  page  aio. 

Apparent  time  4^  la™  p.w.  ; 

True  azimuth  K.  117°  57'  W. 

Ex.  a.  Lat  50*  N.,  decl.  i  r*  8.,  app.  time  at  ship  7^  48"  ax.  :  required  the  true  asimuth 
by  inspection  by  Surdwood'e  Tablet, 

Latitude  50**  at  the  top  of  page  a  10,  BwrdiMod't  Tablet,  and  declination  11*  (declination 
contrary  name  to  latitude)  at  the  top  of  its  proper  column ;  under  thiS|  and  in  a  line  with 


Digiti: 


zed  by  Google 


Varudum  ly  ah  AkimtUK  T^g 


7^  4S»  found  in  the  left  hand  oolumn  nnder  the  head  "  Apparent  Time  1..K."  gives  the  true 
asimnth  117*  57'.  Thd  latitude  being  North  prefix  N.  to  it;  and  as  it  is  jl.u.  write  B. 
after  it ;  hence  the  troe  azimath  is  N.  1 17*  57'  JS. 

Latitude  fcP  N.,  and  deolinaiion  1 1°  S.  ] 

(Deeliiiation  eontrary  name  to  Latitude)  >  give  in  Burd%imd*9  TabUi,  page  210, 

Apparent  time  ^^  4S"  a.m.  ) 

Trae  Asimnth  N.  2x70  57'  E. 

£z.  3.  Lat.  sQf*  "S.,  ded.  11"  K.,  app.  time  5^  la*^  f.ic.  :  required  the  true  aiimath  by 
inspection  by  BurdwootTs  TKbUt. 

Latitude  56*  at  the  top  of  page,  and  declination  1 1*  (deol.  tame  name  ss  lat)  at  the  top  of 
its  proper  column ;  under  this,  and  in  a  line  with  5^  xan,  found  in  the  ri^ht  hand  column 
under  head  ''Apparent  Time  p.m.'^  gives  the  true  azimuth  9a'  i'.  The  latitude  being  North, 
prefix  the  N.  to  it ;  and  as  it  is  f.ic.  write  W.  after  it ;  hence  the  true  azimuth  is  N.  9a*  x'  W. 

LaHtude  50®  N.,  and  decltnatiou  xi*  N. ) 

(DeeliaaUon  same  name  a$  Latitude)       >  give  in  JBurdwood'a  Tablet,  psge  204, 

Apparent  time  51^  xa»  p.m.  ) 

True  Azimuth  N.  9a°  x'  W. 

Ex.  4.  Lat.  50^  N.,  decl.  xi^  N.,  app.  time  6^  480  jlm,  :  required  the  true  azimuth  by 
inspection  by  Burdicood'e  Tahke, 

Latitude  50**  at  the  top  of  page,  and  declination  i  x*  (declination  eame  name  as  latitude)  at 
the  top  of  its  proper  oolumn ;  under  this,  and  in  a  line  with  6i>  4S»,  found  in  the  Itfi  hand 
oolumn  under  head  "Apparent  time  A.M."  gives  the  true  azimuth  9a^  x'.  The  latitude 
being  North  prefix  N.  to  it ;  and  as  it  is  a.k.  write  E.  after  it ;  hence  the  true  azimuth 
is  N.  9a'>  i'  E. 

Latitude  fd*  N.,  and  declination  ix*  N.  \ 

(BeeUnation  eame  name  ae  Latitude)       |  give  in  JBurdufood*e  Tablee,  page  204,    * 

Apparent  time  6^  48^  a.x.  j 

True  Azimuth  N.  9a*  x'  E. 

&",    To  find  the  Error  of  Compass  and  the  Deviation.— The 

eiror  of  the  compass  and  the  deviation  are  found  precisely  in  the  same  way 
as  in  the  alt-azimuth  question. 

EZAMPLBS. 

Ex.  X.  1887,  May  19th,  ^^  7"  57*  ph.,  mean  time  at  ship,  latitude  41**  53'  N.,  longitude 
6<f  x6'  W.,  eun'e  bearing  by  compase  S.  104*40'  W.,  observed  altitude  sun's  l.l.  41^56'  7% 
height  of  eye  x8  feet,  ind^x  correction  o' :  required  the  true  azimuth  and  error  of  the  com* 
past  from  the  altitude,  and  also  by  "  Time  Azimuth  Tables; "  and  supposing  the  variation 
to  be  X  7°  xo'  W. :  required  the  deviation  of  the  compass  for  the  position  of  the  ship's  head. 

Ship  date  (M.T.),  May  i9«*  3^  T^si*       Obs.  alt.  sun's  l.l. 

Long  60"  x6'  W.,  in  time         4.    4    i    4        Dip 

Gteea.  date  (M.T.),        May  19    7    9    » 

Oorr.  altitude 
By  Saper :  Dip  —  4'  ^o**  "fr«  —  "'  »'» 
par.  +  6%  aemid.  +  15'  s^t  true  altitude 
44*  6'  5»^  Semidinmeter 


43-56' 

—    4 

r 

4 

43  5a 

3 
53 

43  5'  10 
+  >5  50 

True  altitude  44    7    o 

Digitized  by  LjOOQIC 


ate 


PoUr  dUi, 
Altitude 


44 

7    o 

'56 

10  38 

78 

5  19 

B60.  o'raSija 
860.  0*143932 


Deol.,  page  II,  Hf.A.  H.D. 

r9tii,  noon         19*45' sa^'N.  +         3i'*20 
3  50  7'i5 


7  54  4' 


co».  9'3H7o7 

00^  y995»47 

2)19*583608 

sine  9*791304 
Half  azimuth 


Coneotioxi 
Bed.deol. 

Polar  diBt. 


19  49  33  K. 

90    o    d 

70  10  38 


I6IOO 
3330 

33540 


6,o}33,o'a30o 
Coneotion    -|"  3  5o*> 


Traei 

Obaerred  asiimith 

Error  of  oompan 
Yariation 

Deviation 


38*  12' II' 

2 

8.   76  24  W. 
S.  104  40  W. 

28  16  W.,  beoante  irm  anmuth  is  left 
17  loW.       of  obeenredaaimiith. 


II    6  W.,  beoavue  the  deyiation  is  to 
left  of  Tariation. 

By  Map^ :  Sam  of  logs.  9*583633,  whence  tme  anmnth  8.  76°  34'  30'  W^  error  of 
compass  28^'  15'  20'  W.,  deviation  11°  5'  20^  W. 

By  Time  Azimuth  TabUt, 


M.T.  ship,  May  19th 
Bqnaliott  time 

A-T.  at  Bhip»  Ma.y  19th 


+    3  45 


3  II  4» 


listitade  42*  19.,  and  deolination  20^  N. 
(Latitude  mum  ndnu  at  Deolination) 
Ajrparent  time  at  ship  f^  i2«  p.x. 


Eq.  Time,  page  IE,  K.A. 

19th,  noon  3"45"8 

Correction  —    0-8 

Bed«  Eq.  time       3  45  'o 
(^<2<ftoM.T.) 


H.D. 
o»*iio 

Oorr.  -78650 


Tmeaalmath 


N.  io3»25'W. 
180    o 


Rg.59« 


Y  N.        Fig.  60. 


Or  Tme  aiimath     8.   76  35  W. 
Mag.  asimnth         8. 104  40  W. 


Enor  of  omnpflM 

Variation 

Deriation 


2«      5    W. 

17  10  W. 
10  Si  w. 


Ex.  2.  1887,  June  14th,  f.x.  at  ship,  latitude  31*  10'  N.,  longitude  134*  40^  W^  sun'g 
bearing  by  compass  West,  observed  altitude  sun's  l.l.  49°  o'  lo*,  height  of  eye  18  fact,  time 
by  chronometer  June  i4<*  i3>a  o">  8*,  mean  time  at  Ghreenwioh:  required  the  tme  azimuth 
and  error  of  the  compass  from  the  altitude,  and  also  from  "Time  Azimuth  Tables; "  and 
supposing  the  variation  to  be  35*  50'  E. :  required  the  deriation  for  the  position  of  tha 
ship's  head. 

M.T.  at  Green.,  June  14'  i%^  o"  8«.  Obs.  alt.  sun's  l.l:  49*  o'  loC 

Dip  —    4    4 


By  JEaptr:  Dip  —  4'  io%  refr.  —  51% 
par.  +  6^,  semid.  +  >5'  47%  true  alUtnde 
49^ii'2'. 


Oorr.  altitude 

Semidiameter 
ItwaltitBde 


At  $6    6 


48  55  a» 

+  '5  47 

49  ««    9 
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J^f 


Polar  diflt 

lAtitiide 

Altitude 


49  "    9 

147    3  »^ 

73  3*  44 


^  49  »5 


B6C.    0*067696. 
860.   0*184693 


000.  9-452602 
cofl.  9*996913 


45<»ii'36' 
S.  90  23  12  W. 


Deol.,  page  II,  K.A.  H.D. 

23°i6'n'N.+        749 
+    I  30  12 


14th,  noon 
Correotion 


Bed.  decl.  23  17  41  N.  6,0)8,9-88 

90  

■  +  I  29-88 
Fokr  diflt.         66  42  19 

By  Saptr :  Sum  of  logs.  9-701906,  exror 


2)19-701894        of  wml^oo  23"  B-^diTf is^-'lr^.' 
dne  9-850947 


Troe  utnratit  8.  90*  23'  W. 

01m.  uimutk  West  =   8.  90    oW. 

Error  of  oompMS  o  23  E.,  beoauie  true  aaimath  is  to 

Yariation  25  50  E.       right  of  oIm.  aiimath. 

Deviation  25  27  W.,  beoaose  the  error  is  to  the 

left  of  the  Tariation. 


M.T.  at  Green. 
I-ong*  «34®  40'  ^' 

H.T.  at  ship 
Bq.  of  Time 

A.T.  at  ship 


June  X4'*i2»»  o"  8» 
~    8  58  40 

Jane  14    3    i  28 
—    I 


June  14    3    i  27 


Bq.ofTime,pagen,N.A. 
14th,  noon  OB  5«-7  - 

Oonection  —  6-3 

Bed.  Eq.  00-6 

(Subt.  from  M.T.) 


H.D. 

12 
6-288 


Ltttitnde  31^  N.,  and  declination  23^  K. 
(latitttda  MSM  nam§  at  Declination) 
App.  time  ship  3^  o^  p.m. 


IVaeasimnth 
Mag.  aaimuth  W. 

Error  of  compass 
Variation 

Deviation 


BF.90*  I'W. 
N.  90    o  W. 

o    I  W. 
25  50  E. 

«5  51  W. 


Ex.  3.  1887,  Febraarj  12th,  mean  time  at  ship  4^  8^  p.ic.,  latitude  27°  47'  S.,  longitude 
94*'  45'  E.,  the  son's  bearing  by  compass  W.  by  S. }  8.,  obs.  alt.  sun's  l.l.  34**  o'  45*,  height 
of  eye  21  feet :  required  the  true  asimuth  and  error  of  the  compass  from  the  altitude,  and 
also  by  **  Time  Asimuth  Tables ; "  and  supposing  the  Tariation  to  be  9°  30'  W. :  required 
the  deviation  of  the  compass  for  the  position  of  the  ship's  head. 


Ship  date  (H.T.)  Feb.  X2<>  4^  8»  o« 

Long.  94*  45'  B.,  in  time         -^    6  19    o 

Green,  date  (M.T.)         Feb.  11  21  49    o 

nne  from  noon  (M#iifitfQ         12    2  xx 

By  Aqwt  .-  Dip  —  4'  25',  refr.  —  x'  26", 
par.  -4-  7S  Moud.  -f  16'  14',  true  altitude 

Pi"  ir  li*. 


Obff.  alt.  sun's  l.l. 
Dip 

Oorr.  altitude 

Semidiameter 
Tnid  altitude 


34  II  19 
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^arudian  jy  «i  Aumuih; 


III 

76- 

a7 

34 

69 

16'  34' 
47    0 
II  19 

'4  53 
7  26 

sec.  0*053196 
sec.  0*082393 

oo«.  9-551875 

Deol.,  page  II,  N.A, 

I3th,  noon         i3»4i' 36*^8. 
Oorrection         +    '  50 

H.D. 

-          49'-90 
3-a 

Bed.  ded.          '3  43  26  8. 
90    0    0 

9980 

7 

9 

8 

008.   9*996608 
3)19*684073 

Polar  diet         76  16  34 

6,0)10,9780 
I  49*8 

44* 

a' 

a* 

a 

tine  9-843036 

N.  88 

4 

4 

True  aBimnth 

True  asimuth 
Observed  azimuth 

N.  88-  4'   4'W. 
180    0    0 

8.  i  8.) 

8.  9»  55  5^  W. 

8.73    7  30  W.  (=W.by 

Error  of  oompass 
Variation 

18  48  36  K 
9  30    0  W. 

Deviation 

38  18  36  E. 

By  Saper:  8um  of  logs.  9*684076,  true  asimuth  N.  88^  4'  5'  W.,  error  of  oompass 
i8«  48'  35*  B.,  deviation  38°  i8'  35*  E. 
M.T.  ship,  Feb.  latb  4^  8«  o«        Bq.  Time,  page  II,  N.A. 


Bquationtime  —  14  38 

App.  T.  ship,  Feb.  lath  3  53  3> 


Latitude  38<*  8.,  and  declination  14^  8. 
(LatitTide  tame  nam  as  Declination} 
Apparent  time  at  ship  %^  53»  p.m. 


i2tb,  noon 


i4"36«*76  — 
-I-    0-86 


Bed.  Eq.  time       14  37  '63 
(Subi.  from  M.T.) 


Oorr. 


H.D. 

0*039 
3*3 

78 

jl 

•858 


True  azimuth 
Mag.  azimuth 

Error  of  oompass 
Variation 

Deviation 


S.  9i« 56' W. 
8.  73    8  W, 

18  48  E. 
9  30  w. 

38  18  K 


Ex.  4.  1887,  8eptember  ist,  a.x.  at  ship,  latitude  47^  50'  N.,  longitude  t66^  31'  E.,  sun's 
bearing  by  compass  K  by  8. 1 8.,  obs.  alt.  sun's  l.l.  39^  50'  40',  index  oorr.  —  i'  6',  height 
of  eye  17  feet,  time  by  chronometer  August  31'  lo^^  39"  19%  mean  time  at  Greenwich : 
required  the  true  azimuth  and  error  of  the  compass  fr^m  altitude,  and  also  from  "  Time 
Azimuth  Tables; "  and  supposing  the  variation  to  be  5°  10'  W. :  required  the  deviation  for 
the  position  of  the  ship's  head. 

M.T.  at  Green.,  Aug.  31*  io»>39™i9»       Obs.  alt.  sun's  l.l.  39*50*40' 

■  Index  oorrection  -_    i    6 

io»»*5 

By  JJflpsr ;  Ind.  oorr.  —  i'  6".  dip  —  4' 5%        3Dip 
refr.  —  i'  lo*,  par.  +  7',  semid.  +  15'  53% 
true  altitude  40®  o'  19'. 

Oorr.  altitude     - 


Semidiameter 
Trwidfiiudv 


39  49  34 
—    3  57 

39  45  37 

—      13. 

39  44  35 
+  '5  53 

40    o  at 


Digiti: 


zed  by  Google 


VimaUon  iy  tm  jMmmOi 


26$ 


Polar  ditt. 

Lafcitiide 

Altitude 


47  50    O 
40    o  a8 

169  19  26 

84  39  43 

3  «0  4S 


2f  Si'  lo* 

s 

50  18  ao 


KO.  ©•173090 
sec.  0-115795 


000.  8*968631 

ooi.  r99933i 

a)i9*a56848 

line  9*628424 


Decl.,  page  n,  N.A. 

Aug.  3  rat,  noon  8<*4o'  30' N.  — 
Gorr.  lo"*  a9«    —    9  28 


H.D. 

54-07 
'0'5 

»7035 
54070 


Bed.  deol.  8  31    2  N. 

90    o    o 

Polar  dist         81  28  58  6,0)56,7-735 

9  «7-7 


True  asimnth 


8.  5<^i8'E. 


Obeerred  asimnth    S.  70  19  E.  (E.  by  S.  1 8.) 

Error  of  compass  20    i  E^  beoanse  tme  ssimnth  to  ripM 

Variation  5  10  W.       of  obserred. 

Deyiation  25  11  E.,  because  error  to  r^A<  of  Tar. 

By  JUptr:  8am  of  logs.  9*256947,  tme  aaimuth  S.  50^  18'  42'  E.,  error  of  compass 
icP  o'  f  E.,  doTiaUon  25*  10'  3*  B. 


H.T.  Green. 
Long.  i66<*  21'  B. 

H.T.  ship 

Ang.  3i*io*29»i9« 
+  "    5  H 

Ang.  31  21  34  43 

—  7 

Ang.  31  21  34  36 

—  12 

Eq.  Time,  page  II,  N  A. 

(ist,  noon          OBi4**85 
Oorreotion        <^    8*ii 

Equation  of  time 
App.  T.  ship 

Bed.  Eq.  time     0    6*74 
[SM.  from  M.T.) 

9  34  3^ 

Latitude  48^*  K.,  and  declination  9''  N.  ] 
(latitude  tam$  nam$  at  Declination) 
Apparent  time  at  ship  9^.360  x.u,        ] 


H.D. 

0772 
»o^ 

3860 
7710 

8«io6o 


^nmeaiimuth 


N.  no*  yB. 
180    o 


Or  Tme  asimuth  8.  49  53  E. 
Mag.  aiimnth       8.  70  19  E. 


Error  of  compass 
Variation 

Deriatioii 


20  26  E. 
5  10  W- 

45  36  ^ 


Ex.  5*  1887,  June  ist,  a.x.  at  ship,  kt.  60*  N.,  long.  40*  20'  W.,  sun's  bearing  by  com« 
pass  8. 1 W.,  obs.  alt.  san's  L.L.  44^  48'  50',  index  corr.  -(-  3'  17',  height  of  eye  18  feet, 
time  by  chronometer  Jane  1'  0^  21™  20",  mean  time  at  Gtreenwioh :  required  the  true 
asimuth  and  error  of  the  compass  from  altitude,  and  also  from  **Time  Asimuth  Tables; " 
and  supposing  the  variation  to  be  51°  15'  W. :  required  the  deviation  for  the  position  of  the 
ship's  head. 

Oreen.  date  June  i*  o^  2i»  20*,  tme  altitude  (Nous)  45*  3'  o',  **  Var.  in  t^'*  of  decL 
>o'*46  ^  }k  =  7',  whiuh,  add$d  to  deol.,  Jane  ist  at  noon,  via.,  22*  3'  lo*  N.,  gives  the  red. 
decL  22*  3'  17  N.,  pol.  dist.  67'  56'  43%  sum  of  logs.  19*214733,  tme  aiimnth  8. 47*  46'  E. 


Digiti: 


zed  by  Google 


.264 


Vm'UMm  Iff  9m  jAiAmrtft. 


S.47%6'  B. 
S.^5J74W.(=S.JW.) 

53  >3}  W.,  beo&nie  tcoe  aaimntli  i!^ 
51  15    W.        of  obwnredasimath. 

a    8|W.,  iMoanse  error  is  ^  of 
TAciaiioD. 

By  Maper:  True  alt.  45*  a'  53%  Bom  of  logs.  9*«4l57,  irae  aflimntk  S.  47°  46'  45'  E., 
error  ^f  oompsss  53®  a^  15'  W.,  deyiation  a<*  9'  15*  TT. 


Tnie  aBimnth 
Obs.  asimntti 

Error  of  compass 
Yariation 

Deyiation 


M.T.  at  Green. 
Long.  40*  ao'  W. 


June  i*  o^^ai^ao* 
—    a  41  30 


Eq.  of  Time,  page  II,  M  .A.  H.D. 

ist,  at  noon  a»a8«*a  —         J)o'37o 

Oorr.  o'ia3 


M.T.  at  ship 

May  31  ar  40    0 
+    a  a8 

May  31  ai  4a  a8 

la 

—    o*i 

Eq.  of  time 
App.  T.  ship 

Bed.  Equation          a  38  -i 

(Tohea<ii2MftoM.T.) 

9  4*  a8 
Latitude  60°  N.,  and  deolination  aa^  N. 
(LatLtude  torn  natne  oiDeoHnation) 
A^.  time  at  ship  9^44*"  ^v. 


8. 47  18    K 
fl'  5  37t  W, 

5'  '5    W, 

I  44  W. 

Ex.  6.  1887,  March  aoth,  at  16^  50^  A.X.,  mean  time  at  ship,  lat.  c^,  long.  17s*'  9'  W., 
son's  bearing  by  flon^ass  East,  obs.  alt.  sun's  I(.l.  360  34',  height  of  eye  15  feat :  requind 
tike  true  asimuth  and  error  of  the  oompass  from  the  altitude,  and  also  by  "  Time  Aaimuth 
Tables ; "  and  supposing  the  variatisn  to  be  34*  W. :  required  tiie  derialion  of  the  oompass 
^or  the  position  of  the  ship's  head. 


True  aaimuth 


or.  True  asimuth 

aii«.«>iMt]i 

Error  of  oompass 
Variation 

DeHation 


N. 


133^43' 
180    o 


Ship  date  (M.T.) 
Long.  17a'  9'  '^• 

Green,  date 

Maroh  io*3a»»50«  o« 
+  II  38  36 

Masekao  m  18  36 

DecL,  page  II,  N.A. 

aoth,  noon           0^  10'  1 1«  8. 
Qozr.  for  ic^*3i       10  11 

H.D. 

59*5 
10*31 

• 

or,  10-31 

Bsfl.ded.           0    a   « 

59*5 
«777S 
59»So 

6,0)61,0-8675 
10  II 

M.T.  sUp 
Equation  of  Time 

App.  T.  at  ship 

March  19*  aa»»50«  o« 
—    7  30 

Mioch  19'  aa  4s  30 

13 

Eq.  T.,  page  II,  N.A. 
aoth,  noon            7''37'*S 
Oorr.                     —  7  7 

Bed.  Eq.  Time     7  jo-i 
iStOt.  from  M.T.) 

H.D. 

0-747 
10-31 

7'7<M57 

10  4a  30 

Latitude  o^,  and  deolination  oP  \     q 
App.  T,  at  ship  io>»  43^  jl,ic.      )  ^ 

Lat  o^  and  deol.  0%  and  ▲.!!.,  the  sun's  true  bearing  is  East,  and  since  the  obserred 
bearing  is  also  East,  the  error  of  compass  is  o*  o',  and  deviation  is  equal  in  amount  to  varia- 
tion with  the  name  reversed ;  henoe,  the  deviation  is  34^  £.  The  example  need  not  be 
calculated  beyond  the  reduced  declination. 
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Examples  fob  Psaoticih. 

In  eaoh  of  the  following  examples  it  is  required  to  find  the  true  tudmufh, 
also  the  error  of  the  compass  and  deviation  for  the  position  of  the  ship's  head 
at  the  time  of  obsenrationi  both  from  the  altitude  and  by  ''  Time  Azimuth 
Tables." 


Ho. 


GiTilDate, 
1887. 


H.T.  fbip. 


Janoaxyxith 8fc29"58« 

FebmarysSth  ...  3  25  10 
March  37th. 4    6  40 


Aprils 
May  27th. 

June  15th  

July  31  sf 

A.iui]8ta3rd  ... 
September  xat 
November  25th. 
December  24t]i 
June  14th  


5  14  32 
Q    3  20 

0  54  35 
«52  5x 

5  55  ao 
9  34  33 
3  57  10 
3  30  o 
892 


A.M. 
P.M. 
P.IC. 
P.M. 
A.M 
A.X. 
A.X. 
A.U. 
A.X. 
P.M. 
P.M. 
A.M. 


Latitude. 


26*  5'S. 

38  46  K. 
4  22  N. 

49  59  N. 
55    ON. 

ti  il  N. 

51  10  N. 
47  SO  N. 

39  58  8. 
36  4N. 
60    olf. 


Longitude. 


49*»  2fW. 
96584^. 

«    IS- 

153  36  E. 

I  33  W. 

147  28fE. 

63  a8}w. 
135  34W. 
166  J  9  B. 

53  iS^V. 

43  40  w. 

47  19  W. 


Sun'e 
beaxingby 


E.  by  N 

"Weflt  

S.6l0  45'E. 
N.E.  k  B.  ... 
8.75**ao'B. 
N.  ^  ao'  B. 
E.by8.|S. 

W.  IN 

8.W.|W.... 
E,  ^N 


Obs.       Ht.| 
alt.6un'ei  of 
L.L.      'eye. 


Variation. 


38^23' 10 

«fi  57  14 
29  30  50 
n  4?  o 
43    851 

11      2   ZO 

43  4458 
738  o 
39  49  io 
33  51  o 

X2  3$  O 

35  49  15 


4»36'E. 
zz  30  B. 

3  30  W. 

9  10  E. 
15  45  W. 
zz  zoB. 

8  50  W. 
25  30  B. 

5  3oW. 

9  22  E. 

17  oW. 


13.  1887,  January  6tb,  p.x.  at  ship,  lat.  47*"  46'  S.,  long.  33^  31'  E.,  shq's  bearing  by 
oompaas  N.  84®  40'  W.,  obs.  alt.  snn^s  l.l.  26^  37'  27',  height  of  eye  28  feet,  time  by  chrono- 
meter Jan.  6'  2>>  49»  30*  mean  time  at  Greenwich :  required  the  tme  asimuth  and  error  of 
th«  ecMnpoM;  and  nipposlng  the  variatioa  to  be  7°  50'  £. :  required  the  deviation  for  tht 
position  of  the  ship's  head,  both  from  the  altitude  and  by  ''  Time  Azimuth  Tablfis." 

14.  1887,  April  i4th«  A.X.  at  shipk  lat.  48**  14'  N.,  long,  157''  31'  W.,  the  sun's  bearing 
by  compass  E.  by  S.  ^  S.,  obs.  alt.  sun's  l.l.  35""  33'  40%  height  of  eye  30  feet,  when  a 

'  chronometer  showed  April  t^^  7^  2$»  30"  mean  time  at  Qreenwioh :  required  the  true 
aximnth  and  error  of  the  compass ;  and  supposing  the  variation  to  be  19°  40'  E. :  required 
the  daviatioB  for  the  position  of  the  ship's  head,  both  from  the  altitnde  and  by  ''Time 
Aamath  Tablet." 

15.  1887,  January  29th,  p.m.  at  ship,  lat.  42^  26'  N.,  long.  49^  18'  W.,  the  son's  bearing 
hy  oompass  W.  9*  10'  S.,  obs.  alt.  sun's  l.l.  13^  38'  46^  height  of  eye  16  feet,  time  by 
chronometer  Jan.  t^<  ^  53"*  47*  mean  time  at  Qreenwioh :  required  the  true  aaimuth  aad 
error  of  the  compass ;  and  supposing  the  variation  to  be  20**  30'  W. :  required  the  deyiation 
for  the  position  of  the  ship's  head,  botii  from  the  altitude  and  by  ''Time  Arimuth  Tables." 

16.  1887,  February  nth,  ax.  at  ship,  lat.  53°  12'  N.,  long.  5°  13^  W.,  sun's  bearing  by 
eompass  8.E.  |  S.,  obs.  alt.  sun's  l.l.  12°  10'  o",  height  of  eye  12  feet,  time  by  chronometer 
Feb.  lo'  2ii>  33»  26*  mean  time  at  Greenwich:  required  the  true  arimuth  and  error  of  thd 
coapass;  and  soppoeing  the  yariation  to  be  19**  15'  W.:  required  the  de?iation  for  the 
position  of  the  ship's  head,  both  from  the  altitude  and  by  "  Time  Azimuth  Tables." 

17.  1S87,  February  ist,  p.x.  at  ship,  lat.  33*^  51'  S.,  long.  20°  37'  E.,  sun's  bearing  by 
oompass  N.  70**  50'  W.,  obs.  alt.  sun's  l.l.  39^56'  10',  height  of  eye  18  feet,  time  by  chrono- 
meter February  i^  2^  22»  23*  mean  time  at  Greeowich:  required  the  true  arimuth  and 
error  of  the  compass ;  and  supporing  the  Tariation  to  be  i^'*  40'  W. :  required  the  deviation 
for  the  porition  of  the  ship's  head,  both  from  the  altitude  and  by  ''Time  Arimuth  Tables." 

18.  1887,  February  20th,  ▲.ic.  at  ship,  lat.  60P  IS.,  long.  166''  32'  E.,  sun's  bearing  by 
oompass  6.  J  W.,  obs.  alt  sun's  l.l.  ii^  21'  10",  height  of  eye  20  feet,  time  by  ohronometar 
February  19^  lo*^  i9">  ii*  mean  time  at  Greenwich :  required  the  true  arimuth  and  error  of 
the  compass ;  and  supposing  the  variation  to  be  30°  W. :  required  the  deriation  for  the 
position  of  the  ship's  head,  both  from  the  altitude  and  by  "  Time  Azimuth  Tables." 
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ON  FINDING  THE  LATITUDE  BY  REDUCTION 
TO  THE  MERIDIAN. 


198>  The  latitude  of  a  place  is  most  simply  determined  by  observatioii 
of  the  meridian  altitude  of  a  known  heavenly  body.  When  such  an  observa- 
tion cannot  be  obtained  by  reason  of  the  state  of  the  weather,  the  altitude  of 
the  body  may  often  be  obtained  a  little  before  or  a  little  after  its  meridian 
passage.  And  if  at  the  time  of  observing  such  an  altitude  near  the  meridian^ 
the  hour-angle  of  the  body  is  known,  we  may  find  by  computation  very  nearly 
the  difference  of  altitude  by  which  to  reduce  the  observed  to  the  Meridian 
altitude.  The  correction  is  called  the  '^  Eeduction  to  the  Meridian."  This 
method,  in  point  of  simplicity,  is  little  inferior  to  the  meridian  altitude,  to 
which  it  is  next  in  importance.  The  latitude  may  also  be  determined  by  a 
direct  process,  deduced  from  spherical  trigonometry.  The  former  is  the 
method  used  in  the  following  pages.  The  term  ''near  the  meridian"  implies 
a  meridian  distance  limited  according  to  the  latitude  and  declination,  and 
also  the  deg^ree  of  precision  with  which  the  time  is  known  (see  BiApbb, 
Table  47).* 

Jf  the  time  by  watch  with  its  error  on  apparent  time  at  ship  is  given. 

BULE  LXXX. 

1^  To  find  tbe  Apparent  Time  at  Ship.— ^  th0  time  shown  iy 
^  watehf  expressed  astranamicaUy,  apply  the  error  of  the  ufotehfor  appareni  UmOf^ 
adding  when  the  wateh  is  slow  f  rejecting  24^  when  the  sum  exceeds  24^  andpuUing 
ihe  day  one  forward)^  subtracting  when  the  wateh  is  fast  finereaoing  the  time 
shown  hy  watch  hy  24^  if  necessary^  and  putting  the  day  one  hack  J. 

2°.  Ifext  turn  into  time  the  difference  of  longitude  made  sinee  the  error  of  Ihe 
watch  was  determined^  adding  when  the  difference  of  longitude  is  East,  subtracting 
when  the  dijference  of  longitude  is  West ;  the  result  is  apparent  time  at  ship 
when  the  observation  was  made4 

f.  To  find  the  Time  from  Voon.— ^  p.m.  at  ship  the  apparent  time 
at  ship  is  the  time  from  noon;  when  it  is  a.m.  f reckoning  from  the  preceding  noon  J 
suhtraet  apparent  time  at  ship  from  24*";  the  remainder  is  the  time  from  noon. 

«  This  Table  shows  the  limits  of  the  method  of  *'  Redaction  to  the  Meridian  "  for  oommon 
practice  at  sea,  or  how  long  before  or  after  the  time  of  meridian  passage  the  sun's  altitnda 
may  be  observed,  so  that  the  redaction  shall  not  be  more  in  error  than  a'  when  the  time  is 
i»  in  error. 

t  The  error  of  chronometer  for  apparent  time  at  place  should  be  noted  when  the  morning 
■ights  are  taken  for  determining  the  longitude.  This,  with  the  diff.  long,  made  in  the 
interval  between  this  last  time  and  the  time  of  obaerying  the  ez-meridian  altitude,  will  give 
the  apparent  time  at  ship.  If  the  ship  has  not  changed  her  meridian  since  the  time  of 
morning  sights,  the  result  obtained  hy  applying  the  error  of  chronometer  is,  of  coarse,  the 
apparent  time  at  ship. 

i  The  reason  for  this  rule  will  appear  on  considering  that  if  a  watch  is  set  to  the  time  at 
any  given  meridian,  it  will  be  thw  for  any  meridian  to  the  tatiward,  but/M<  for  any  meridian 
to  the  westward,  at  the  rate  of  i»  for  15'  di£f.  long.,  since  Uie  sun  comes  to  the  taeterly 
meridian  earlier,  and  to  the  westerly  meridian  later. 
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EXAMFLBS. 


Ex.  I.  Suppose  it  is  p.m.  at  ship,  and 
the  watch  when  eorneied  shows  January 
2d  (^  i5bi  j5i  (see  Ex.  i  following) :  then 
the  time  from  noon  is  16^  56*  past  noon 
of  the  and. 


Ex.  a.    Again,  suppose  it  is  a.m.  at  ship, 

and  the  watch  when  wmeted  indicates  Feh. 

jd  23b  37m  i5i  ^gee  Ex.  a  following) :  then 

wehjEiTe 

34h  o»  o*\  In  this  instance  it  is 

23  37  '6  (         32™  44*  before  noon  of 

(        the  6th. 

aa  44  ; 

4''.  To  find  Oreenwich  Apparent  Tlm.em—W%th  apparent  time  at 
sMp  and  longitude  Jind  Oreenwioh  date  in  apparent  time  (Bole  LVJLLi,  page  1 79). 

5^  Tahe  out  of  Nautical  Almanac,  page  I,  ike  declination^  and  reduce  it  to 
the  Greenwieh  date  (Rule  LIX,  page  183). 

Zf  the  time  by  chronometer  is  given,  with  the  error  on 
mean  time  at  Greenwich. 

(a)  7b  the  time  by  chronometer  apply  its  error  on  Oreenunch  mean  time,  adding 
t/alow  and  subtracting  tffsst;  the  result  is  mean  time  at  Oreenwioh. 

(b)  Write  down  the  Equation  of  time j  taken  from  page  U  of  the  month  in 
the  Nautical  Almanac,  and  correct  it  for  Greenwich  mean  time,  and  mark  it 
**  added  to  "  or  ''  subtracted  from  "  mean  time,  as  directed  at  the  heading  of  the 
column  in  page  11  of  Nautical  Almanac  (Bule  LXTT,  page  188);  also  take 
out  the  sun^s  declination  from  page  11,  Nautical  Almanac,  and  correct  it  also  for 
Greenwich  time  (Bule  LTX,  page  183). 

(0)  Under  mean  time  at  Greenwich^  found  as  above  in  (a),  write  down  longitude 
in  UmCf  adding  t/East,  and  subtracting  «/ West :  the  result  tcill  be  mean  time 
lEtt  ship. 

(d)     To  mean  time  at  ship^  just  found  in  (c),  apply  the  Equation  of  time^  found 

as  in  (b) :   the  result  is  apparent  time  at  ship,  and  also  the  sun^s  hour-angle  for 

time  from  noon  J  ifv.u. ;  but  ifA..u.  for  more  than  12V  subtract  apparent  time 

from  zj^^  the  remainder  is  sun's  hour-angle,  or  time  from  noon  required  (see  Exs. 

1  and  2  to  f). 

6*^.  To  find  the  True  Altitude. — Correct  the  observed  altitude  of  sun's 
lower  or  upper  limb  for  index  error  (±),  dip  (— ),  refraction  (— ),  parallax  (+), 
somidiameier  (+),  and  so  get  the  true  altitude  of  sun^s  centre  (Bule  LXIY, 
page  193). 

We  now  proceed  to  give  three  methods  which  are  in  general  use  for  working 
this  problem,  but  whicheyer  method  is  adopted  the  foregoing  rules  always 
form  the  first  part  of  the  method. 

Method  X.— (By  Norie.) 

7^  Take  out  log.  rising  of  time  from  noon  (Table  29,  Nobis),  log.  cos.  decli- 
nation (Table  25,  Nobis),  and  log.  cos.  of  latitude  (Table  25,  Nobis). 

KoTB.— In  Qfling  the  natural  siiiee  and  coBines  to  riz  places,  it  will  he  necessary  to  add  z 
to  the  index  of  the  log.  rising,  hecause,  as  given  in  the  tahle,  it  is  only  adapted  to  five  places 
of  figuiee. 

Ow^iM.— In  the  use  of  the  tahle  of  log.  rising  (XXIX,  Nobib),  care  mnst  he  taken  that 
tlie  octtreot  indices  are  used  when  the  minntes  of  the  time  from  noon  are  i,  3, 10,  or  31.    It 


Digiti: 


zed  by  Google 


te»  HOucHm^  U  IbrUitm. 


is  necessary  to  notice  that  the  indices  in  the  table  sometimes  change  in  the  colomn  where 
they  could  not  be  inserted  for  want  of  room ;  this  may,  however,  be  easily  known  by 
observing  that  the  first  figure  of  the  decimal  part  of  the  log.  changes  from  9  to  o. 

Thus  the  log.  rising  of  c>*  i"  o«  is  9'97S6o, 

but  the  log.  rising  of  o^^  !">  5*  is  0*048x3. 
The  index,  as  given  in  the  table,  is  in  the  form  f ,  which  means  that  it  changes  from  9  to  o 
somewhere  in  that  line.     Similarly,  opposite  10%  the  index  is  in  the  form  ^,  and  the 
numerator  1  is  the  index  of  the  log.  rising  of  io»  0%  io»  5*,  10°^  10*,  and  of  io»  15*,  and 
changes  to  2  somewhere  between  io">  15*  and  lo^  20". 

8^.  Take  the  ium  of  these  and  find  the  natural  number  eorrespendtnff  thereto, 
(Table  24,  Nobie.) 

9°.  lb  the  natural  number  Just  faund  add  the  natural  sine  of  the  true  altitude 
(Table  26,  Nobh)  ;  the  sum  is  natural  cosine  of  meridian  zenith  distance^  which 
take  emt  of  the  table,  and  name  it  North  tehen  the  observer  is  North  of  the  sun,  or 
when  the  sun  bears  South ;  but  caU  zenith  distance  South  when  the  observer  is 
South  of  sun,  or  when  it  bsars  North  (see  Bule  LXIY,  4°|  page  193). 

10®.  Applff  the  reduced  decUnaiion  to  the  zenith  distance,  taking  their  sum  if 
they  are  of  the  eame  name,  but  their  difibrence  ifofconttaxj  names;  the  result, 
in  either  case,  is  the  latitude  of  the  aame  name  as  the  greater  (Bule  LXIY,  5% 
page  193). 

Nora.— The  foregoing  Method  (Method  I)  is  only  convenient  when  the  computer  is  pro- 
vided with  a  table  of  natural  sines  and  oosines,  as  well  as  a  table  of  log.  vetsed  sines,  or  the 
logarithmic  value  of  2  sine'  ^  t. 

199-  We  may  also  compute  direotly  the  reduction  of  the  observed 
altitude  to  the  meridian  altitude  bj  the  following : — 

Method  XX. 

I^    Add  together  the  following  logarithms  :-^ 

Constant  log.  5-615455 ;  {this  is  the  log.  0/5^^.)* 

Log.  cosine  of  latitude  by  account  (Table  25,  Nobis). 

Log.  cosine  of  declination  (Table  25,  Nobh). 

Log.  cosecant  of  meridian  zmith  distance  as  dedmeedfrom  latitude  by  B.R. 

and  declination  (Table  25,  Noais). 
The  log.  of  time  from  noon  :  {this  is  twice  the  log.  sine  ^half  the  hour- 
angle).    (Table  31,  Nobie,  and  69,  IUpbb.) 
The  ewn  of  these  logs,  f rejecting  tens  from  the  index),  will  be  the  log.  of  the 
reduction  in  seconds  {;').    (Table  24,  Nobis.) 

The  sentth  distance  from  latitude  by  D.B.  is  found  as  follows : — ^When  the  laUimd$  and 
dteUnaiion  are  both  of  the  tame  name,  take  their  difermce;  when  latitudt  and  dteUnoHon  have 
differmi  names,  take  their  sum  :  the  result  in  either  case  will  be  zenith  distance  by  D.R. 

2^.    Add  the  reduction  to  the  true  altitude:  the  result  is  the  meridian  altitude.f 

•  Some  prefer  to  use  the  constant  log.  0-301030  (this  is  log.  of  2}  instead  of  that  given 
above,  via.,  5*615455,  the  sum  of  logs,  (rejecting  tens  from  index),  will  be  log.  sine  of  re- 
duction in  minutes  {')  anfl  seconds  (").  (Table  66,  Ra.pbb,  or  Table  25,  Nobis.)  If  we  omit 
the  ooDstant  altogetiier  the  sum  of  the  other  four  logs,  is  the  log.  sine  of  half  Uie  reduction, 
in  minutes  (')  and  seconds  ('),  which  must  be  multiplied  by  2  to  get  the  reduction. 

t  This  is  only  an  approximate  meridian  altitude,  in  strictness  a  second  reduotiOB  should 
be  computed. 
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3^  To  find  t&e  Xatltude.— j5(KH9»^  the  meridum  dUUude  sabtract  it 
from  90%  the  remainder  u  the  meridian  zenith  distance,  which  must  be  named 
of  an  opposite  name  to  the  bearing,  that  is 

y  learing  U  North  the  unith  dietanee  u  S. 
If  hearing  is  South  the  zenith  dietaneeii'S. 

4^  Below  the  tenUh  dietanee  place  the  reduced  declination;  then  if  zen.  dist. 
emd  decl.  areof^eane  name,  add ;  hut  {^0/ different  names,  take  the  difference: 
the  result  is  the  latitude,  of  the  same  name  a$  the  greater. 

Non.— This  Method  (Slethod  II)  does  not  approximate  bo  rapidly  as  the  preceding 
(Method  I),  bat  the  objection  is  of  little  weight  when  the  obserrations  are  very  near  the 
meridian.  On  the  other  hand,  it  has  the  great  advantage  of  not  requiring  the  use  of  the 
Table  of  Natural  Sines. 

Method  XZX.— (By  Towson's  Bx-Merldlan  Tables.)* 

l^  Enter  Table  I  (Towson)  under  neareet  declination  and  find  nearest  hour- 
angle^  against  which  stands  Augmentation  7,  which  add  to  declination^  at  the  same 
time  take  out  corresponding  index  number  in  the  margin, 

2^  JBMer  Table  11  under  true  altitude  and  opposite  index  number,  find  Aug- 
meniation  11,  which  add  to  true  altitude,  and  thence  find  latitude  as  in  meridian 
aUiiude. 

Examples. 

Ex.  X.  I S87,  January  2nd,  p.x.  at  ship,  latitode  by  aooonnt  5a*  6'  8.,  longitude  7 1**  a  3'  W., 
observed  altitude  sun's  l.l.  North  of  observer  6o<»  ao'  30',  index  correction  -f  a'  58',  height 
of  eye  20  feet,  time  by  watch  Januaiy  2^  0^  48"  22*,  which  was  found  to  be  2^^  16^ /tut  on 
apparent  time  at  ship,  difference  of  longitude  32*4  miles  to  West :  required  the  latitude  by 
reduction  to  meridian. 


Time  by  watch,  Jan. 
Watch /«< 


Diff.  long.  3«'4  X  4 
00 

Time  from  noon,  Jan. 

Obs.  alt  O's  ^•^' 
Index  correction 


Dip  for  20  feet 

Oorredionofalt. 

Semidiameter 
True  altitude 


a*  o»>48"*a2» 
—  o  29  16 


2     0 

'9 

2 

6 
10 

2      0 

16 

56 

60° 

+ 

20' 

2 

3f 
58 

60 

2328 
4  17 

60 

19 
0 

II 
28 

60 

+ 

]8 
16 

ti 

App.  time  at  ship,  Jan. 
Long,  in  time 


2*  o^i6«56« 
+  4  45  3» 


Qreen.  date  (A.T.),  Jan.     a    5    2  28 

H.  diff.,  Jan.  2nd,  noon        i3'*55 
Greenwich  date  5»»  2«»,  or      X    5 

^)0)6,7'75 
Ooxrection      —  i'  7**8 
Dec!.,  page  I,  N.A. 

Jan.  and,  noon  ^^^SS'  26'' S.  tker, 

Ooiseotion 

Bed.dM}l. 


—    I    8 


60  35    I 


22  54  18  S. 

By  JRaper :  Index  corr.  +  2'  58',  dip  —  * 
4'  2o%  refr.  —  o'  33',  par.  +  4^,  semid.  + 
16'  18',  true  alt.  6o*»  34'  57*. 


*  At  the  Liverpool  Local  Marine  Board  Examinations  the  candidate  is  expected  to  solve 
this  problem  by  means  of  Towson's  Ex-Meridian  Tables. 


Digiti: 


zed  by  Google 


l^O 
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Time  from  noon 

Latitude 

Declination 


Mdhodl. 

i6«56«  rising*  3-43sWo 
$2^  6'  COS.  9'7 88370 
22  54    COS.       9*9^4347 

1544    nat.no.  3"  1 88597 


T.  alt.    6o»35'    i» 


1544 
nat-sine    871073 


Z.  dist  29  14    98.   nat.  cos.    872617 
Decl.      22  54  18  S.   (next  greater)  638 


Lat       52    8  27  S.  239)2100(9* 

*  The  index  of  log.  xising  is  inereated  by  1.  See 
Note  to  70,  page  267. 

By  Eaper:  True  alt.  60°  34'  57',  red. 
+  'o'  53*>  ™0'«  *!*•  ^o*  45'  S^y  latitude 
52°  8'  28"  S. 


MModn. 

Oonstant  lo^. 
LatbyD.B.       52*  6' 8. 
Declination  22  54  B. 

Mer.  sen.  ditt.     29  12 
Time  from  noon  i6"56* 


5'^«54^ 
000.    9-7  W37 

<»«».    9*9^35 
ooseo.o-3ii7i 

^g-    7'«348^ 


Reduction 
True  altitude 

Meridian  alt. 


M^5»3        log.    2-81475 

^  35    '       J!?'^2prs«  . 


60  45  54 
90 


Zenith  distance   29  14    6  8.   t!l$l-8 
Declination  22  54  18  8.   §  |  ii\^^ 


Latitude  52    8  24  8.      | 

By  Raper :  Lat.  52*  8'  27'  8. 
Method  IIL—By  Toumn^a  Ex-Meridtan  Tablet, 


O's  red.  declination 
Aug.  Table  i,  Index  30 


Augmented  declination        22  57  39  8. 
This  is  the  method  required  of  Candidates  at  Liverpool. 


Meridian  sen.  dist 
Declination 


22'*  54'  1 8*  8.  True  altitude  6o»  35'    i*  8. 

•\-    321  Aug.  Table  2,  Index  30        +14    4 

60  49    5 

29  10  55  8. 
22  57  39  8. 

Latitude  52    8  34  8. 

Ex.  2.  1887,  February  6th,  a.x.  at  ship,  lat.  aect  51"  58'  N.,  long.  105°  41'  W.,  obs.  alt. 
sun's  L.L.  8outh  of  observer  22^  10'  30*,  index  corr.  -^  56',  height  of  eye  22  feet»  time  by 
chronometer  Feb.  ^  7^  i6»  32%  which  was/oit  on  Greenwich  mean  time  22^  i2«:  required 
the  latitude  by  reduction  to  the  meridian. 


Time  by  chron., 
Ohron./ff/ 

Green,  date  (M.T.)i 
Long,  in  time 


Equation  of  time 

App.  time  at  ship, 
Subtract  from 

Time  from  noon 

Obs.  alt.  sun's  l.l. 
Index  oorr. 


Dip  22  feet 

Corr.  alt. 

8emidiameter 
True  altitude 


Feb.  6*  7J»i6»32» 
—       22  12 


Long,  in  time    105'' 41'  W. 

4 


Feb. 

6  6 
—  7 

54 

2 

20 
44 

Feb. 

5  a3  5« 

—    14 

36 

20 

Feb. 

5  »3  37 
24  0 

16 

0 

22 

44 

22» 

+ 

10' 

30- 

5^ 

22 

II  26 

430 

22 

6 

2 

56 
II 

22 

+ 

16  15 

^,o)4*,a  44 
7  *  44 


"Var.  i»»"ofEq.T. 


Feb.  6lh,  at  noon 
Green,  time  6^  54" 


Ck>rrection 


0-157 


H13 

94a 

1-0833 


Eq.  T.,  page  II,  N.A. 

Feb.  6th,  at  noon  i4">i  8**46  iner. 

Corr.  for  6»>  54">  +    i  -08 

Red.  Eq.  time  14  19  -54 

(&ubU  from  M.T.) 


By  Raper :  Index  corr.  +  56*,  dip  — 
4'  30*,  refr.  —  a'  23*,  par.  -|-  8*,  semid.  + 
16' 15%  true  alt  k2«  20' 56'. 
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DmL,  page  Ily  N  JL 

Feb.  6tli,  at  noon  is"*  37'   4'S.,  deer. 

OofT.  for6^54"  —    5  19 


BecLdeol. 


15  3»  45  8- 


"Var.  ih"ofDecl. 


Feb.  6ih,  at  noon 
Green,  time  6^  54" 


CSonection 


46'-aa 
^ 

41598 
^773* 

6,0)31,8*918 
5  i8'9 
or,    5  19'' 


Mttkod  L 


Time  firom  noon  it^^* 
Latitade  51*  5^ 

Declination         15  33 


ridng  3*691630 
008.      9*789665 

COB.         9*983840 


3918  nat.  no.  3*465135 

2918 
nat.  one  380363 


Traealt.  aa"3i'  o* 


Zen.diat  67  38    9  N.  nat. 00a.  3831 81 
I^mI.         15  31  45  S.  (next  greater)  331 


Latitude  51  56  34  N. 


448)4000(9'' 


By  JUper:  True  alt  33*  30^  56%  Bed. 
4- 10'  51'  =  Mar.  alt.  it"*  31'  47'  and  Lat. 
?i0  56'a8'N. 


Constant  log. 
Latitude 
Declination 
Mer.  sen.  dist. 
T.  from  noon 


Bednotion 
Tme  altitude 

Mer.  alt. 


Mithod  II. 

51^58'N.  cofl.  9*789665 

15  33  8.  008.  9*983840 

67  30  cosec.  0*034385 

33«44»  log.  7*390540 

6,0)65,1  log.  3*813885 

33    31      O 


"  3'  5' 


Mer.  aen.  dirt.     67  38    9  N. 
Declination         15  31  45  S. 


Latitude 


51  s^  «4  N. 


Msthod  in.^By  T9W9on'$  BahMmditm  IMk: 


0*8  red.  dedination 
Aug.  Table  i,  Index  57 

Augmented  declination 


i5-3i'45'S. 
+    4  *3 

15  36    8  S. 


True  altitude 

Aug.  Table  3,  Index  57 


Meridian  aenith  dbtauoe 
Augmented  declination 


Latitude 


33*  31'   o* 
+    635 

»>  »7  35 

^  ^l  H  ?• 
15  36    8  8. 

51  s^  «7  N. 


Ex.  3.  1887,  Sept.  33Td,  P.X.  at  abip,  lat.  acct.  51*  3'  N.,  long.  41^'  13'  E.,  obi.  alt.  sun's 
XhL.  8outh  of  obserrer  38®  44'  30',  index  corr.  -|- 1'  8',  beight  of  eye  31  feet,  when  a  chrono- 
meter showed  Sept.  13^  31^  34»  37%  which  was  6»  38«/«<  on  Greenwich  mean  time: 
nquired  the  latitude. 


Time  by  chronometer     Sept.  33'  3  i^34B37* 
OhrOttometer/M<  —    6  3^ 


Green,  date  (M.T.) 
Long,  in  time 

App.  time  at  Green. 
Equation  of  time 

App.  time  at  ship 

TbnA^nt  noon  ii 


Sept. 

33<1 

+ 

31 

3 

17  59 
44  5» 

Sept. 

*3* 

0 
+ 

^  51 
7  34 

Sept. 

33* 

0 

10  35 

Green,  date  (M.T.) 
Subtract  from 


Sept.a3<3ii>i8«  0* 
34    o    o 


Time  Ufore  noon  Sept.  33^  3  43    o 

Long,  in  time. 

4i»i3'E. 

4 


10  3{ 


6,0)1^453 

a  44  5» 
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JUMim  UMmdim^ 


38<'44'io' 


Obfl.  alt.  sun's  L.Li 
loAox  correction 


Dip 

Oorr,  Qlalt 

Semidiametcr 


True  altitude  38  56    o 

By  Mapir:  Inde^s  fiorr..  +  i'  8^  dip  — 
4'  25",  refr.  —  i'  13*,  par.  +  7%  semid.  + 
15'  59%  True  alt.  38-  55'  56^ 


38  45  a8 
—    4*3 

38 

41 

z 

5 

4 

? 

40    I 
«5  59 

"Var.  ifc"ofBq.T. 

Sept.  23rd  o*-866 

Time  hefir^  noon  23<i  a*7 


Oorr. 


'73» 
2-3382 


Eq.  T.,  pa£^  II,  N  A. 

Sept.  23rd  7"36«'i  I  imr, 

Oorr.  for  2*»  7"»  —    2  -34 

Bed.  Eq.  time  7  33  '77 

(^liitoM.T.) 


Dec!.,  page  II,  N.A. 

Sept.  23rd,  at  noon  o"  3'    i*  S.  iner. 

Oon.  for  2'*  42«»  2  38 


Bed.  decl. 


o    o  23  S. 


•'Var.  iV 
Sept.  23rd 
Time  before  noon 


Oorr. 


58'-49 
»7 

6>o)'5>7'9»3 

a  37-9 

or  a*  38' 


M$thodI. 


Time  from  noon  io">25* 
Latitude  ,  5i<>  2' 
Declination  o    o 


rumg  3*01399 
COP.      9798560 

cos.         O'OOOOOO 


649  nat.  no.  2*812550 

nat.  no.        649 
True  altitude      38*56'       nat.  sine  628416 


Her. aen. dist.  51*  i'   8'  K.  nat.  cos.  629065 
Declination     o    o  23  S. 

latitude        51    o  45  N. 

In  taking  out  log.  rising  for  io«  a^%  it  will  be 
notioed  that  the  index  given  at  the  beginning  of  the 
line  is  h^  Tnfl^"^"g  that  the  index  at  the  commenoe- 
ment  of  the  line  is  i»  but  that  it  changes  somewhere 
along  the  line,  which  may  easily  be  known  by 
obRrring  that  when  the  first  figure  of  the  de^in^a 
part  of  the  log.  ohanges  from  9  to  o,  the  index 
changes  from  1  to  2, 


Method  11. 

Constant  log. 
Latitude  acct.     5 1*  2'  N. 
DeclinAtion  o    o 

Zen.dist.byD.R.^1     2 
Time  from  noon  io»25* 


5*615455 
COS.  9798560 
009.  0*000000 
cosec.  0*109293 
log.      6*712960 


6,0)17,2       log.      2*236268 


Beduction       -}-    >'  S^' 
True  altitude  38  56    o 

Meridian  alt.   38  58  5a 


? 


Mer.  zen.  dist.  51     i    8  K. 
Declination       o    o  23S. 


Ui^fi 


Latitude  5T1^N.    lilfltlJ 

By  Saper:  True  alt.  38*55' 56*,  Latitude 
51*  o'  49*  N. 


M0iM  m,^By  Jtiufwn'i  JBa^Mjtriditm  TahUt. 


0° 

+ 


o'  23'  S. 
o 


0'ft  red.  declination 
Aug.  Table  i,  Index  13 

Augmented  deolinatios  o    o  23  S. 

As  the  ded.  is  leas  thaa  any  giyen  in  the  head  of 
Table  I,  augmentation  is  alone  required.  In  this 
case  enter  Table  I,  under  least  deolination,  and  witii 
giyen  hour-angle  find  corresponding  Index  number; 
with  this  and  the  altitude,  augmentation  n  is  deter- 


Tirue  altitude  (JVi>rw)  38<>56'   o* 

Aug.  Table  2,  Index  13  4*    ^  47 

Augmented  altitude  38  58  47 

Zenith  distance  51     1  13  K*. 

Augmented  declination  o    o  23  fi. 

latitude 


51    0  5qK,j 
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Ex.  4.  1887,  May  5th,  p.m.  ai  ship,  latitude  acooaot  5^  13'  N.,  longitade  61*  E.,  observed 
altitude  eim'e  l.l.  78^  41'  K.,  eye  17  feet,  time  by  watch  5>^  z«  7*,  which  had  been  foand 
fiui  on  app.  time  at  ship  4^  50™  57%  difference  of  longitude  made  ainoe  20^  miles  West. 

App.  time  at  ship.  May   s^  ^^  8«48«  Oreen.  date,  app.  time,  May  4'  ic^  4*  48s 

Time  from  noon  is  8  48 

Hoarly  diff.,  5th  noon,  42^*80  X  Qreen.  time  3*^*92  ==  i67'*776o  -7-  60  =:  a'  48%  deol. 
5th,  i6»  14'  25^  N.  —  2'  48*  =  red.  deol.  16°  11'  37*  N. 

By  irwri$  :  Tme  altitude  78'  52'  47'.  By  Bapir :  True  altitude  78^'  52'  39'. 


M$thod  I. 

Time  from  noon  8«48«  rising  2*867510 
liatitnde  acot.  5*13'  ooe.  9*998197 
Declination        16  12       oos.      9*982404 

705  log.      2*8481x1 

nat.  no.        705 
Tmealtitude  78^52'  47*      nat.  sine  981227 

M.  Z.  dist.  zo  54  31  S.  nat.  cos.  981932 
Declination    16  11  37  K. 

latitude  5  17    6K. 

This  example  cannot  be  solTod  by  means 
of  Towson's  Ex-Meridian  Tables,  as  the 
altitude  exceeds  the  limits  of  the  Tables. 


MHhod  II. 

C!onstant  log.  5'6i546 

LatitndeD.lt.     5^13' N.  oos.  9-99820 

Declination        16  Z2  N.  cos.  9*98240 

Mer.  sen.  dist.  zo  59  oosec  0*72005 

Time  from  noon  8b48*  log.  6*56649 

6»o)76,3    log.      2*88260 

Beduotion  4-  12' 41' 

Tmealtitude        78  52  47 

Meridian  altitude  79    5  30 

Mfr.  zen.  dist       10  54  30  S. 
Declination  16  zz  37  K. 

Latitude  5  Z7    7  K. 


Using  J2<y«K«  True  Alt.  the  IaU  = 

ThrAVPLEw  FOB  FsAonoi. 

I.  Z887,  January  4th,  am.  at  ship,  latitude  by  acoount  36*  47'  N.,  longitude  27*  la'  W,, 
obsenred  altitude  sun's  loi.  South  of  observer  was  30*  Z2'  10',  index  correction  +  4'  Z9% 
height  of  eye  28  feet,  time  by  chronometer  January  4^  i^  340  40",  which  was  5*  z8«  dow 
on  Greenwich  mean  time :  required  the  latitude  by  reduction  to  the  meridian. 

a.  1887,  February  a8th,  p.v.  at  ship,  lat.  aoct.  43'  4^'  N.,  long,  za^*  31'  W.,  obs.  alt 
■un's  L.L.  38^  z'  Z5'  8.,  index  corr.  —  5'  zo*,  height  of  eye  23  Ibet^  time  by  chronometer 
Feb.  28<i  i^  16^,  which  was  2»  4*  ilow  on  mean  time  at  Greenwich :  required  the  latitude 
by  reduetion  to  the  meridian. 

3.  Z887,  March  20th,  ▲.«.  at  ship,  lat  4z*  24'  S.,  long.  Z05*  E.,  obs.  alt.  sun's  l.l. 
47^  46'  N.,  index  corr.  +  >6%  eye  22  feet,  time  by  chronometer  March  Z9^  z6^  48*,  which 
waa  2a  zTfatl  on  mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

4.  zt87»  April  2ZBt,  A.1C.  at  ship,  lat.  aoct.  39^  54'  N.,  long.  6'  6'  E.,  oba.  alt,  sun's  L.X.. 
61*  26'  35'  S.,  index  corr.  +  z',  eye  z8  feet,  time  by  chronometer  April  ai'  o^  i»  6*,  which 
was  45*  ifftut  on  mean  time  at  Greenwich :  required  the  latitude. 

5.  1887,  May  29th,  P.M.  at  ship,  lat  aoct.  37*  Z5'  8.,  long,  zzs^  W.,  obs.  alt  sun's  l.l« 
300  aa'  30*  N.,  index  corr.  +  49',  eye  22  feet,  time  by  chronometer  May  29'  7^  4za,  which 
was  5"  23*/m/  on  Greenwidh  mean  time :  required  the  latitude. 

6.  Z887,  June  Z9th,  a,.k.  at  ship,  lat.  aoct.  44*  24'  N.,  long.  Z4^  5'  W.,  obs.  alt.  sun's  lj. 
68^  37'  5*  South  of  obeerTer,  eye  18  feet,  time  by  chronometer  June  Z9'  o^  38»  42*,  iHiich 
was  3"  32*  ihw  on  mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

7.  1887,  July  16th,  A,u.  at  ship,  lat  acct  o^  38  8.,  long.  2^  W.,  obs.  alt  sun's  lx. 
67^41'  (aenith  8.),  eye  Z5  feet,  time  by  chronometer  July  is^  23*^  59*,  which  was  9«  5*  §hw 
on  mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  the  meridian. 

8.  Z887,  August  30th,  P.1C.  at  ship,  lat.  acct.  4i<>  Z5'  K.,  long.  Z390  25'  E ,  obs.  alt  sun's 
lA.  57^  ao'  S.,  index  corr.  +  2'  az',  eye  Z4  feet,  time  by  chronometer  Aug.  30*1  c^  22*  22% 
vhioh  had  been  found  to  be  zS's^of  app.  time  at  ship^  diC  of  long,  made  to  W09tynm^\ 

irir 
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9.  1S87,  September  9*b,  p.k.  at  ship,  lat.  acot.  9*  ao'  K.,  long.  179*  30'  B.,  obe.  alt.  enn's 
L.L.  85*  19'  (sen.  N.),  eye  20  feet,  time  by  W!itoh  1 1*  59*  40»,  ^mo  on  app.  time  at  ship  a"  40*, 
diff.-of  loni<.  made  to  BaH  was  \o\\ 

.  10.  1887,  O  t  >ber  I  itb,  p.m.  at  ship,  lat.  acet.  45*  51'  K.,  long-  ^5*  3'  ^-f  o^«*  ^^  >iui'a 
LL.  36*  38'  15"  8.,  index  oorr.  ^  5'  15*,  eye  16  feet,  time  by  cbronometer  10*  18^  50™  10^, 
wbioh  was  5**  40'>b  la*  tiow  on  app.  time,  diff.  of  long.  33'  W. 

T  I.  1 887,  November  3rd,  p.m.  at  sbip,  lat.  aoct.  33*  16'  S.,  lomc.  109^  39'  E.,  oba.  alt  ran'a 
L.L.  71°  50'  N.,  index  corr.  +  32*,  eye  18  feet,  time  by  watoh  a*  aa^  aa«,  whicb  was  found 
%^  ilow,  diff.  of  long.  a8'-7  Wist 

I  a.  1 887,  DeAeobar  a3id,  a.m.  at  sbip,  lat.  aoct.  47^'  aa'  S..  long,  a?^  3'  W.,  obs.  alt  lun'a 
L.L.  65°  to'  15*  N.,  index  oorr.  -l*  4S*>  ^J^  >>  ^^^  ^^^"^  ^7  vA^b  ii^  2^'^  4a%  found  to  be 
i8«  40"  tlouf^  diff.  of  long,  waa  36'  JBa»i. 

13.  1887,  January  5tb,  p.m.  at  ebip,  lat.  aect.,  8^  50^  N.,  long.  130*  14'  W.,  obs.  alt  ami's 
L.L.  58®  6'  10'  S.,  eye  ai  feet  time  by  watch  o^  a«  40",  found  13B  48>  dow  on  app.  time,  diff. 
of  long,  made  since  16'  Bast 

i4«  1887,  April  a8lh,  a.m.  at  ehip,  lat.  aoct.  18°  46'  S.,  long.  34^  11'  W.,  obs.  alt  sun's 
L.L.  56*  a8'  (sen.  8.),  iod^x  oorr.  -f-  1'  $'*  ^7^  ^'  ^<^  ^'™®  ^7  ^"^tob  ii^49*5o%fo«nd/i«f 
an  17*  on  app.  time  at  sbip,  diff.  of  long,  made  since  17^'  Wsst 

15.  1887,  March  aist  a.m.  at  sbip,  lat.  acot  19*  8.,  long.  178^  54.'  £.,  obs.  alt.  son's  L.&. 
70*  ai'  N.,  index  oorr.  —  a'  io«,  eye  16  feet,  time  by  watch  t'^  17%  ioaadfut  on  app.  tims 
at  ship  a6«  ii*,  diff.  of  long,  made  since  14V  East 

16.  1887,  April  lath,  a.m.  at  ship,  lat.  acot.  o^  long.  164*  la'  W.,  obs.  alt.  son's  Xi.L. 
80*  30'  N.,  index  oorr.  ^  5'  10%  eye  ai  feet,  time  by  watch  la^  o^  o"  ^^S"^  on  spp,  tioM 
at  ship  iQiB  51%  diff.  of  long,  made  to  Basi  7^'. 

17.  1887,  December  nth,  a.m.  at  ship,  lat  acot.  62'  40'  8.,  long.  100*  10'  E.,  obs.  alt 
sun's  LO..  50*  o'  N.,  index  corr.  4-  2'  10%  eye  18  feet,  time  by  watch  lo'  17^  a">  46*,  which 
had  been  foond  to  be  9"^  30*  foMi  on  mean  time  at  Greenwich :  reqoired  lat  by  reduction  to 
meridian. 

18.  1887,  July  a3rd,  a.m.  ai  ship,  lat  acot.  68^  35'  N.,  long.  3^34'  E.,  obs.  alt.  son's 
L.L.  40*  58'  8.,  index  corr.  o*,  eye  17  feet  time  by  watch  o*^  ai*,  found /s«<  on  app.  time  at 
ship  i^  ^  I  a*,  diff.  of  long,  made  since  9'*6  JBuf. 

19.  1887,  March  nth,  p.m.  at  ship,  hit.  acct.  60^  59'  8.,  long.  %tf*  11'  W.,  obs.  alt.  sun's 
I.L.  3a^  a6'  50*  K.,  index  oorr.  ^  3'  o',  eye  1 3  feet,  time  by  watch  Uaroh  1 1^  o^  45»  46% 
Ibond  to  be  u^  ^i^fasiy  diff.  of  long,  was  39'  W. 

ao.  1887,  September  aand,  A.M.  at  ship,  lat.  acct.  45**  4^  8.,  long.  1 11^  4a'  W.,  obs.  alt 
sun's  L.L.  430  50C  N.,  index  corr.  —  5'  40*,  eye  18  feet,  time  by  watch  aa*  7^  41"  io»,  found 
to  be  8^  4«  10^  futj  diff.  of  long,  was  iz's  Bast. 


MERIDIAN  ALTITUDE  OF  A  FIXED  STAB, 


ETJLE  T.yxy' 

i^.     TakBfram  Fantioal  Almanae  ih^  iiar'i  dtcUmtnt^. 

2^.     To  th$  ohi$rv$d  altitude  apply  the  tnd&x  orror,  oi  the  eign  attaehed  iireeU. 

f.  Subtract  the  dip  answering  to  the  height  of  ege  (Table  5,  Nobis  ;  labia 
jOy  Bapbb). 

4^  Subtract  the  refraetion  (Table  4,  Nosxi;  Table  31,  BapibX  mut  Ant 
ys#  the  ime  aUitude. 

5^.     Subtract  the  true  altitude  from  90^;  the  remainder  ie  nenith  dietanee. 

6^.    Mark  the  unith  dietanee  N.  or  S.»  aeeording  oa  ths  observer  tr  North,  or 
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f.  Ukistneatk  iM  ImI  pUme  the  detHinaUon,  imd  take  th»ir  «am  if  th»y  huve 
^  same  nanut;  but  taks  their  difference  if  th$y  have  unlike  name* :  the  result^ 
tPi  either  MM,  wiU  he  the  UtUude. 

Tbe  daeliaHtioo  of  a  fixed  star  ohangM  bo  slowly  that  it  may  be  taken  oat  of  the  NetUkal 
Alwumac  by  impeetion^  without  any  practical  error  resulting ;  a  Ghreenwioh  date,  therefore, 
is  clearly  unnecessary. 

8^.  J^hm  the  sentth  dUtance  and  deelinatum  are  tf  the  same  name,  the  latitude 
M  of  tliat  name ;  when  the  %enith  dietanee  and  deelinatien  are  of  different  nametf 
the  kttHude  takes  the  natne  of  the  greater. 

The  stars  are  inserted  in  the  Nmdieal  Almattac  in  the  order  of  their  Bight  Ascension,  from 
o^  to  S4i> ;  it  will,  therefore,  very  mnoh  iaciliUte  the  finding  of  the  given  stor  in  the  NmUietd 
AlmMmtt  to  tnm,  in  the  first  instance,  to  the  threo  pages 
189-292,  ITautical  Almanae,  1S87,  and  seek  for  the  given  star 
under  the  head  ''Mean  Places  of  Stars''  for  January,  and 
thenoe  obtain  the  star's  Right  Asoension,  which  find  at  the 
top  of  one  of  the  pages  following  310*365,  Namtiodl  Almanae, 
1887),  which  will  give  the  star,  and  the  declination  will  be 
fMuid  opposite  the  day  in  the  side  colnmn  which  is  neamt 
the  given  day.  The  degrees  (^)'and  minntes  (')  are  placed 
at  the  top  of  the  column  (as  annexed),  and  the  seconds  (') 
are  ranged  below,  for  the  sake  of  ecooomi^ng  Rpao6  in  the 
•eoond  odamn  below  the  name  of  the  star.  If  the  seconds 
exceed  60',  only  take  the  excess  of  60',  and  increase  the 
minutes  (')  at  the  top  by  i.  Thus,  on  May  itth,  1887  (see 
table  annexed),  the  dseliaation  of  a  AndromedsB  is  a8^  37'  50*  N.,  and  on  Jaaoaiy  ist  the 
deelioation  is  18^  2$'  5'  N.,  6^'-$  being  i'  5',  whioh  being  added  to  a8»  27',  which  stands  at 
the  head  of  the  colmnn,  gives  the  declination  aS"  aS'  5'. 

It  may  happen  that  you  cannot  find  the  star  in  the  ITaatieal  Almmao  under  the  name 
given  in  the  qaestion ;  in  that  case  refer  to  some  other  Table  of  Stars,  as  Table  13,  Konn, 
where  yo«  will  find  tbe  proper  names  and  ooaeteUatioas.  For  instlimse»  the  star  Alphaotti 
is  not  found  under  that  name  in  the  Nautieat  AJhmmac,  but  in  Table  1 3^  ^obxx,  yon  will  see 
alongside  Alphacoa  a  Oorona  Borealis,  which  name  yon  will  And  in  the  IfaatimU  Almanac, 
as  before. 

ExAlfPLBS. 

Ex.  8.  1887,  March  iitb,  lonflr.  10*  B.^ 
the  obs.  mer.  s^t.  of  the  star  I^ux,  bearing 
North,  was  71*'  59'  10%  index  corr.  +  1'  15% 
heinht  of  eye  18  feet :  required  the  latitude. 


a  Andromed89 

Date. 

R.A. 

DeoLK. 

0»>3« 

38"  27' 

Jan.    I 

3»-3S 

64'-5 

II 

3rio 

'^35 

21 

32-06 

62*2 

31 

3''93 

607 

&c. 

&c. 

&c. 

May   I 

3231 

49-8 

II 

3»*56 

50- 1 

21 

3««5 

50-7 

&c. 

&o. 

&c. 

Ex.  I.  1887,  Deo.  29th,  long.  I40<>  W., 
the  obs.  mer.  alt.  of  the  star  a  Leonis 
(ReguhttJ,  bearing  South,  was  52«  7'  30', 
indtfx  oorr.  —  27',  height  of  eye  15  feet : 
required  the  latiiude. 
Observed  altitude  of  star  520  7'30'S. 

Index  correction  *-*-        27 


Dip  15  feet 

Befraotion 
True  altitude 


SSenith  distanoe 
Deolination  (N.A.,  p.  337) 


5a    7     3 
—    3  4» 

5a    3  a« 


5a 
90 


a  37 
o    o 


Latitude 
By  Eap$r 


Index  corr.  — 


37  57  ^3  N. 
12  30  48  N. 

50  28  II  N. 
27*.  dip 


3  ^0^  refr.  —  46%  true  alt.  s^""  »'  *7^  i»t. 


|«i?Tt 


%t*  K, 


Observed  altitude  of  star 
Index  correction 


Dip  18  feet 

Befraotion 
True  altitude 

Zenith  distanoe 
Declination  (NJL.,  p.  333) 

Latitude 

By  Raper:  Index  corr.  +  1'  15%  dip  — 
4*  lo*,  r«tr.  —  19%  true  alt.  7 1°  55*  56',  Ut. 
io«i3'43'N. 


X 

59' 

I 

lo-lil. 
»5 

!! 

0 

4 

25 

4 

7' 

56 

21 

18 

71 
90 

56 
0 

3 

0 

18 
28 

357S. 
17  47  N, 

10 

13  50  N. 
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Bz.  3.  it87,  March  i  ith,  lonff.  S^  W., 
the  OM.  mer.  alt.  of  the  star  a  Argna 
(OanopuiJt  bearing  South,  was  yj*  a6',  index 
oorr.  4-  35^  height  of  eye  i6  feet. 

ObflervJBd  altitude  of  star      37^26'   of%. 
Index  oorreotion  4-       35 


Dip  16  feet 

Hefraotion 
Traoaltttnde 

Zenith  distanoe 
Deolination  (N.A.,  p.  330) 

Latitiide  000 

By  MapiT  :  Index  ooir.  -4-  &  35%  dip  — 
4'  o*,  refr.  —  i'  i6',  tme  alt.  37*  21*  19", 
latitude  6*  o'  u*  K. 


37 

a^  35 
3  50 

37 

a»  45 

«  '5 

37 
90 

21  30 

0  0 

5a  38  30  N 
52  38  308. 

Ex.  4.  1887,  Jamiary  lit,  lonff.iooPlL, 
the  obs.  mer.  alt.  of  the  star  a  Oanis  Majoria 
fSiriut),  bearing  South,  was  59*  59' 50*,  in- 
dex oorr.  4-  4'  la't  height  of  eye  24  feet 

-  Obaerred  altitude  of  star    59^59'  50'  8. 
Index  oorreotion  -^    4  12 


Dip  24  feet 

Befraotion 
True  altitude 


60    4    2 
—    44a 

59  59  »o 

--        33 

59  5«  47 
90    o    o 


Zenith  distanoe  30    i  13N. 

Deolination  (N.A.,  p.  331)  16  33  54  8. 

Latitude  '3  27  19  M. 

By  Jtap0r  :  Index  oorr.  +  4'  12%  dip  — 
;co',refr.  — 34^t 
tudei3'27'28'N. 


CO',  refr.  —  34^  true  alt  59*  st  38*,  Uti. 

nde 


FiTA¥PT,1W    VOB  FE^OnOB. 


In  each  of  the  following  examples  it  is  required  to  find  the  latitade : — 

HO.       OnrXLBATS.  LOU*.  STAB,  OBS.  ALT.                   COKa.  ITS. 
1887. 

1.  KoT.7th,  90^W.    aAndromedflB    •,,.,. 75^10'30'S.  4-o'a7*  25ft* 

2.  Jan.  zat»  27  W,    a  Anrigai  (O^prffa). 54    o  15  N.  -- i  45  18 

3.  Aug.  I9th9  84  B.      aJijTBd  {V4gr»)   .•• #50    o  20  N.         o    o  22 

4.  Deo.  22nd,  82  E.      aPeraei  ••••• ••••#•••  51  51  45  N.  +040  26 

5.  April  nth,  142  W.    aVirginaa  (^jm) ...•••  63  14  308.  +3  47  >> 

6.  June  loth,  151  B.     a  £ridani  {Ach$mar) •  •  40  10  25  S.  4*  ^  55  H 

7*  Dee.27th,  91  W.  (Aipmib)   •••••••...  78  16458.  —025  24 

8.  NoT.30th,  24  W.    aArietia, 6823    o  N.  —138  28 

9.  Feb.  2nd,  76  E.     a  Tauri  (JMbm^tm) 29  52  10  K.  +  5  20  15 

10.  June  iat»  97  B*     a^  Oruoia    ..•• 75  1030  S.  — 140  14 

11.  S£ay  22nd,  178  W.    aHydrn..,,..,*  • •  30  28  53  S.  —738  11 

12.  July  17th,  29  E.  aCygni  ..•.•••••..••.••.•;.  20  13  50  N.         o    o  18 

13.  Oot  17th,  165  E.     a  Aquilse  (^/to«r) 604910K.  +055  17 

14.  March  2nd,  154  W.    a  Canis  Majoria  (i^KTMa)  58  58  50  N.  -f*  ^  >o  ^ 

15.  April  3rd,  HI  E.  a  Bootia  (^rvfuritf)   •••,.•...•  7949408.  — 25  25 

16.  Aug.  7th,  40  W.    a  Soorpii  (^Mtortff )    68  49  30  8.  —154  21 

17.  May  I  at,  8  E.     a*  Oentauri    zo    2508.  — 045  20 

18.  Oot.29th,  5  W.  aPi8oiaAuakntlia(J'bMa£UiiO..  70    6    oN.  4.055  12 


bigiti: 


zed  by  Google 


QUADRANT  AND  SEXTANT. 


200-  The  Quadrant  and  Sextant*  are  reflecting  astronomical 
instruments  for  measuring  angles,  and  are  the  instruments  chiefly  in  use  for 
taking  the  observations  required  for  the  solution  of  a  number  of  the  most 
useful  problems  in  navigation,  such  as  to  find  the  time,  the  latitude  and 
longitude  of  a  place.  The  Quadrant  contains  an  arc  of  45^  in  real  extent, 
and  measures  a  few  degrees  more  than  90^  ;t  it  is  usually  of  wood,  and  the 
graduated  arc,  which  is  ivory,  reads  to  minutes,  and  sometimes  to  30".  The 
Sextant  is  constructed  on  the  same  principles  as  the  quadrant;  has  a 
graduated  limb  of  more  than  60^  in  real  extent;  and  furnishes  the  means  of 
measuring  the  angle  between  two  objects  in  whatever  direction  they  may  be 
placed,  so  that  the  angle  does  not  exceed  140°.  The  quadrant  serves  for 
common  purposes  at  sea ;  but  the  sextant  is  used  when  considerable  precision 
is  required,  as,  for  instance,,  in  taking  a  lunar  observation. 

201.  The  form  of  a  sextant,  as  at  present  in  common  use,  consists  of  a 
single  frame  of  brass,  so  constructed  as  to  combine  strength  with  lightness ; 
and  in  others  a  double  frame  connected  by  pillars  (see  Fig.,  page  278).  The 
graduated  arc,  inlaid  in  the  brass,  is  usually  of  silver,  sometimes  of  gold,  or 
platinum.  The  explanation  of  the  parts  of  a  sextant,  and  of  the  adjustments 
of  that  instrument,  will  answer  for  the  quadrant,  since  the  parts  and  append-' 
ages  are  common  to  both. 

202-  The  flat  surface  of  the  sextant  is  called  the  plane  of  the  textamt ; 
the  circular  part  B  0  is  the  arc  or  limb,  which  is  graduated  from  right  to  left 
from  the  zero  point  0*^  to  about  140^,  and  each  degree  in  the  best  instruments 
is  again  sub-divided  into  six  equal  parts  of  10'  each,  while  the  vernier  y,  used 
in  estimating  the  sub-divisions  of  the  arc,  shows  10''.  The  divisions  are  also 
continued  a  short  distance  in  the  opposite  direction  on  the  other  side  of  zero 
(0),  towards  0,  forming  what  is  termed  the  are  of  excess,  for  the  purpose  of 
determining  the  index  error  in  the  manner  that  will  be  subsequently  explained. 
The  microscope  M,  and  its  reflector  r,  secured  at  the  point  <^  by  a  movable 
arm  ir  to  the  index  bar  A  E,  may  be  adjusted  to  read  off  the  divisions  on  the 
graduated  limb  and  the  vernier  ^.  A  £  is  the  radius,  or  index  bar,  movable 
along  the  arc  and  roimd  a  centre,  and  having  a  dividing  scale  (called  the 
vemUr)  dose  to  the  arc,  by  which  the  sub-divisions  of  the  arc  are  read  off. 
The  index  bar  is  secured  to  the  arc  B  0  by  the  intervention  of  a  mill-headed 
damp  screw  •  at  its  back,  which  must  be  loosened  when  the  index  has  to  be 
moved  any  considerable  distance,  and  when  the  contact  nearly  has  been  made 

*  The  ftnt  invmtar  of  the  sextant  (or  qaadnnt)  was  Nbwton,  among  whose  iMipers  a 
description  of  snoh  an  instrument  was  found  after  his  death,  not,  however,  ontil  after  its 
re-invention  by  Thomas  Qodtray,  of  Philadelphia,  in  1730,  and  perhaps  hy  Hadlbt  in  1731 . 

t  This  depends  on  the  properties  of  light,  which  we  cannot  consider  here.  The  principle 
of  the  sextant  is  this :  the  angle  between  the  first  and  last  direction  of  a  ray  which  has 
BoiSBred  two  reflections  in  one  i$Mie  is  equal  totwice  the  inoUnatMn  of  the  refliecting  sorfigu^es 
tosttshoUnr. 
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by  hand,  the  Borew  is  again  to  be  fixed,  and  a  tangent  screw  ^  enables  the 
index  bar  and  the  vernier*  upon  it  to  be  moved  by  a  small  quantity  along 
the  limb,  so  as  to  render  tiie  eontact  of  the  objeots  obeeived  more  perfect  than 
could  be  effected  by  moving  the  index  solely  by  hand ;  the  other  extremity 
of  the  index  bar  has  a  silvered  glass  or  reflector,  I,  fixed  perpendicular  to  the 
plane  of  the  instrument,  with  its  face  parallel  to  the  length  of  ttie  index  bar, 
and  directly  over  the  centre ;  another  glass,  ft,  is  fixed  perpendicular  to  the 

Fig.  6i. 


plane  of  the  instrument  frame  H,  and  facing  the  index-glass,  the  lower  half 
only  is  silvered  (being  a  reflector),  and  the  upper  transparent;  it  is  usually 
provided  with  screws,  by  which  its  position  with  respect  to  the  plane  of  the 
sextant  may  be  rectified ;  the  plane  of  this  glass,  usually  termed  the  horizon- 
glass,  is  made  parallel  to  the  plane  of  index-glass  I,  when  the  vernier  g  is 
adjusted  to  zero  on  the  divided  arc  BC,  or  if  not  so  made,  the  want  of 
parallelism  constitutes  what  is  termed  the  index  error  of  the  instrument. 
The  telescope  t  is  carried  by  a  ring  fastened  to  a  stem  E,  which  can  be  raised 
or  lowered  by  a  mill-headed  screw  «"  at  the  back  of  the  frame,  for  the  purpose 
of  so  placing  the  field  of  the  telescope  that  it  may  be  bisected  by  the  Ene  on 
the  horizon-glass,  separating  the  silvered  from  the  unsilvered  part,  whereby 
the  brightness  of  the  reflected  object  and  that  seen  by  direct  vision  may  be 
made  equal,  and  the  quality  of  the  observations  improved ;  the  ring  and  its 
elevating  apparatus  are  technically  known  as  an  '<  up-and-down  pieee."  It 
is  usual  to  supply  a  direct  and  inverting  telescope,  of  which  the  latter  is  to 

^  VsainBA— so  ealled  after  its  inTentor,  VvnssL  YxwinB,  of  Kraace,  who  lived  eboat  1630* 
By  eome  it  is  celled  a  mmm  after  the  Pteingeee,  ISiismM  or  Nowus ;  bill  IflM  ioveatioD  ol 
Che  IfltUtt  (who  died  in  r^yy)  was  fdfe  iiffufint. 
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be  preferred,  as  pOMessing  greater  magnifying  power,  aad  thuB  Bbowing  a 
better  oontaot  of  the  imagee  of  the  objects.  Tm>  wires  parallel  to  each  otheri 
■ad  to  the  plane  of  the  instrnment,  are  placed  in  the  inverting  teleBoepe» 
within  which  limit  the  observatioii  shonld  be  made.  In  the  quadrant  the 
telesoope  is  omitted,  and  the  eye  is  ap][^ed  to  a  small  circular  orifioe  in  a 
piece  of  brass,  placed  in  the  same  position  as  the  telescope  in  the  drawing. 

Dark  glasses  of  different  colours  and  shades  are  a  necessary  accompaniment 
to  the  sextant  to  enable  the  sun  to  be  observed,  and  they  are  usually  attached 
to  a  hinged  joint  at  K.  Four  of  these  glasses  or  shades  are  plaoed  at  0^ 
between  the  index  and  horizon-glasses,  so  as  to  admit  of  one  or  more  of  them 
being  interposed  between  the  index  and  horizon-glass,  to  moderate  the  light 
«f  any  brilliant  object  seen  by  reflectioik.  Three  more  sueh  glasses,  some- 
times called  back  shades,  are  plaoed  behind  the  horison-glass  at  K,  any  one 
or  more  of  which  can  also  be  turned  down  to  moderate  the  intensity  of  the 
light  before  meeting  the  eye  when  obserring  a  bright  object,  such  as  the 
fun.  There  is  also  a  dark  glass  which  ean  be  plaoed  at  the  eye-end,  I,  of  the 
telescope,  which  method  is  preferable  to  the  other,  as  no  error  in  this  ia  liable 
to  be  introduced  in  the  passage  of  the  rays  £rom  the  index  to  the  horison- 
gl«».* 

When  obserring,  the  instrument  is  to  be  held  with  one  hand  by  the  handle 
P  placed  at  the  back  of  the  frame,  while  the  other  hand  moves  tiie  index. 

203-  Bteadbifl:  off  the  Angle.— The  following  brief  direcdons  for 
reading  off  will  be  more  readily  understood  by  the  learner,  if  he  place  a 
sextant  before  him  for  reference  and  examination. 

It  will  be  seen  that  the  arc  (limb)  is  divided  into  degrees  and  parts  of  a 
degree,  from  O  (zero)  to  about  140^ ;  every  loth  degree  is  numbered  from  0® 
to  140°;  the  space  between  every  10°  is  divided  into  10  equal  parts  by 
straight  lines ;  consequently  every  part  is  i^ ;  every  fifth  line  is  made  a  little 
longer  than  the  others,  to  represent  every  fifth  degree ;  and  (in  the  best 
instruments)  every  degree  is  sub-divided  into  six  equal  parts  by  lines  shorter 
than  those  which  represent  the  degrees ;  those  short  lines  divide  every  degree 
into  sixths  of  a  degree^  or  10',  every  third  line  of  these  short  ones  being 
made  a  little  longer  to  denote  30'.  On  any  part  of  the  arc,  therefore,  the 
first  short  stroke  is  10',  the  second  is  20',  the  third  is  30',  the  fourth  is  40', 
and  the  fifth  is  ;o'.  We  will  suppose  it  is  an  instrument  of  this  kind  before 
the  learner.  The  tndex^  up  to  which  an  arc  is  read  off,  is  a  line  cut  in  a  plate 
at  the  end  of  the  movable  radius,  and  is  generally  distinguic^ed  fhmt  the 
other  lines  on  the  plate  by  a  diamond-shaped  mark,  resembling  a  spear  head, 
and  sometimes  by  0.  Supposing  this  index  to  stand  exactly  at  any  of  the 
long  lines  on  the  arc,  that  is,  so  that  the  two  lines  are  in  the  same  direction ; 
in  such  a  case  the  reading  off  is  easily  known,  for  it  must  be  a  certain  number 

*  "Wiih  respeet  to  the  dark  glassee,  when  it  it  possible  (as  in  oVserTing  altitudes  of  the 
■Qn  in  the  mercariid  horizon,  &c.)  to  make  the  obserTation  with  a  single  dark  glass  on  the 
eye-end  of  the  telescope,  without  using  any  shade,  this  should  always  he  done,  fbr  the  error 
of  this  dark  glaNS  does  not  afliaot  the  contact  at  al),  and  the  distortion  caused  by  it  ia  not 
aaafcnified,  whereas  any  fault  in  the  dark  shade  between  the  index  and  horison-gUssee 
produced  actual  error  in*  the  obseryaiion,  and  the  distortion  ia  ma^oilled  subsequently  by 
|be  telflsoope. 
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of  divisionB,  of  which  the  yalue  is  seen  at  onoe,  the  reading  being  degrees 
and  no  mtnnUi;  it  may  be  lo^  12%  20^  30%  te.— any  number:  but  if  the 
index  exactly  coincides  with  a  short  stroke  in  the  arc,  on  such  a  case  the 
reading  off  must  be  a  certain  number  of  divisions  and  sub-divisions.  Thus, 
if  it  coincide,  for  example,  with  the  second  line  to  the  left  of  40^,  then  the 
reading  off  will  be  40°  20',  or  if  it  coincide  with  the  fifth  stroke  to  the  left  of 
30%  the  reading  will  be  30^  50',  since  each  line  on  the  arc  represents  jo'. 

But  suppose  the  index  not  to  stand  exactly  at  any  line  whatever  on  the  arc, 
but  somewhere  between  two,  as  in  the  above  example,  between  the  second 
and  third  line  from  40%  suppose  it  appeared  to  be  about  half-way  between 
the  second  and  third  lines  (the  learner  may  place  it  in  that  position).  But 
as  this  is  a  rough  and  imperfect  way  of  estimating  the  additional  minutes 
and  seconds  beyond  the  second  division  from  40^  the  exact  value  of  this  small 
space  is  known  by  means  of  a  few  divisions  on  the  index  plate  to  the  left  of 
the  index,  and  called  the  Vernier.  These  divisions  are  made  less  than  the 
arc  divisions,  so  that  the  line  on  the  plate  immediately  to  the  left  of  the  index 
is  somewhat  nearer  to  the  corresponding  one  on  the  arc  than  the  small  space 
to  be  determined.  It  is  nearer  thereto,  as  is  manifest  by  difference  of  a 
division  on  the  arc  and  one  on  the  index  plate.  In  like  manner  the  second 
line,  reckoning  from  the  index,  must  be  nearer  to  the  corresponding  line  by 
two  differences,  the  third  by  three,  and  so  on.  At  length,  therefore,  there 
must  be  a  coincidence  of  two  lines,  or  nearly  so ;  that  is,  they  must  appear 
to  an  eye  placed  directly  over  them  to  lie  in  the  same  direction,  or  nearly  so. 
And  since,  upon  the  whole,  the  lines  on  the  vernier  have  approached  those 
upon  the  arc  through  the  small  part  the  index  is  in  advance  of  20',  this  excess 
must  be  equal  to  as  many  times  the  difference  of  two  divisions,  as  there  are 
lines,  reckoning  from  the  index,  before  this  coincidence  takes  place.  Hence, 
if  we  know  the  value  of  a  difference,  we  shall  know  the  value  of  the  small 
arc  to  be  measured. 

This  difference  is  known  as  follows :— By  examining  the  arc  of  the  sextant 
before  us,  it  will  be  seen  that  60  divisions  of  the  vernier  just  cover  or  coincide 
with  CO  divisions  on  the  arc,  or  the  difference  between  a  division  on  the  aro 
and  one  on  the  vernier  is  -^  of  a  division  of  the  arc ;  if,  therefore,  a  division 
on  the  arc  is  10',  the  difference  will  be  -^  of  10',  or  10".  Every  sixth  division 
of  the  vernier  being  distinguished  by  a  figure  denoting  minutes,  and  the 
interval  between  each  of  these  figures  is  divided  into  six  parts  of  10''  each. 

Hence,  to  read  off  on  a  Sextant,  we  proceed  thus : — First  examine 
the  divisions  and  sub-divisions  on  the  arc,  up  to  the  line  which  stands  before 
the  index.  We  then  move  the  microscope  on  the  vernier  and  examine  the 
numbered  lines.  If  any  one  of  these  coincides  in  direction  with  the  opposite 
one  on  the  arc,  the  reading  off  to  be  added  will  be  so  many  minutes ;  if  not, 
we  observe  between  which  numbered  lines  the  coincidence  actually  takes 
place,  and  then  reckon  the  preceding  minutes  as  numbered,  and  afterwards 
the  sub-divisions  of  the  vernier,  as  so  many  minutes  or  seconds.  Let  us 
now  suppose  the  index  to  stand  between  the  second  and  third  divisions  from 
40°.  In  reading  off,  first  40^  20'  is  noted  on  the  arc,  and  then  running  the 
miaosoope  fiarther  on  the  arcy  it  is  observed  that  a  line  on  the  vernier  an4 
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an  arc  line  are  in  the  same  direotioui  between  the  lines  on  the  yemier  marked 
5  and  6.  The  farther  reading  off  is  therefore  5'  and  some  seconds.  On 
examining  the  interval  between  5  and  6,  whioh  is  divided  into  six  equal 
parts,  the  fonrth  line  to  the  lefb  of  5  is  found  to  be  in  the  same  direction 
with  the  opposite  one  on  the  arc.  The  remaining  reading  off  is  therefore  40". 
Hence  the  whole  reading  off  is  40^  2  9'  40''. 

The  sextant  supposed  imder  examination  is  marked  to  read  off  to  the 
nearest  10'';  some  instruments  are  graduated  to  15''  or  jo'',  &c.,  but  the  same 
method  of  reading  off  is  to  be  foUowed  as  pointed  out  above. 

Take  a  sextant  cut  to  i  ^",  then  every  degree  is  sub-divided  into  four  equal 
parts  by  lines  shorter  than  those  which  represent  the  degrees ;  these  short 
strokes  divide  every  degree  into  fourths  of  a  degree,  or  15':  then,  on  any 
part  of  the  arc  the  first  short  stroke  is  1 9',  the  second  30',  and  the  third  45'. 
On  the  vernier  the  short  strokes  from  minute  to  minute  are  each  1 9".  If  0 
on  the  vernier  is  made  to  exactly  coincide  with  a  large  stroke  on  the  arc,  the 
reading  is  degrees  and  no  minute;  but  if  0  on  the  vernier  coincides  with  a 
short  stroke,  then  the  reading  is  so  many  divisions  and  sub-divisions :  thus, 
for  example,  if  it  coincides  with  the  third  short  stroke  to  the  left  of  30%  the 
reading  is  30*  49',  since  each  short  stroke  to  the  left  of  30°  represents  i  ^\ 
Again,  suppose  O  on  the  vernier  to  stand  somewhere  between  the  first  and 
second  strokes  to  the  left  of  36'',  in  the  first  place  the  reading  would  be  36^  15', 
but  it  must  be  something  more,  because  the  vernier  indicates  minutes  between 
1 5'  and  30'.  Next  look  along  the  vernier  and  see  which  stroke  on  it  coincides 
with  any  stroke  on  the  arc  of  the  sextant :  let  us  say  it  is  the  second  short 
stroke  to  the  left  of  tenth  minute  stroke,  that  is,  10'  30",  then  the  reading  will 
be  36''  15',  and  10'  30"  to  add  to  it,  making  36^  25'  30",  and  so  on  for  any 
other  indication. 

Once  more  let  us  suppose  the  sextant  to  be  graduated  to  20',  then  on  any 
part  of  the  arc  the  first  short  stroke  is  20',  and  the  second  40'.  If  0  on  the 
vernier  exactly  coincides  with  a  long  mark  on  the  arc,  the  reading  must  be  a 
tsertain  number  of  divisions,  that  is,  degrees  and  no  minuisi;  but  if  0  on  the 
vernier  coincides  with  any  short  stroke  or  sub-division  to  the  left  of  division, 
the  reading  is  evidently  degrees  and  minutes  (twenties) ;  then  suppose  it 
stands  at  the  second  short  stroke  to  the  left  of  32%  the  reading  is  32°  40'. 

Lastly,  suppose  0  on  the  vernier  to  stand  somewhere  between  the  first  and 
second  short  strokes  to  the  left  of  43°,  in  the  first  place  the  reading  will  be 
43^  20'.  Next  look  along  the  vernier  and  see  which  stroke  on  it  coincides 
with  any  stroke  on  the  arc  of  the  sextant :  let  us  suppose  it  is  the  second 
short  stroke  after  the  twelfth  lon^  stroke,  then  the  reading  wiU  be  43^  20^1 
and  12'  40"  to  add  to  it,  making  43^  32'  40". 

204.  To  read  off  on  the  arc  of  exceas.— As  has  been  observed 
before,  the  graduation  of  the  arc  of  the  sextant  is  usually  continued  to  the 
right  of  0,  or  zero,  in  which  case  we  have  to  read  off  an  arc  divided  firom 
left  to  right  by  means  of  an  index  which  is  divided  from  right  to  left;  th^f^ 
however,  is  easily  done  if  we  remember  that  the  line  on  the  vernier  marked 
10'  must  be  considered  as  the  commencement  of  the  divisions,  9'  must  be 
Qonaidered  as  i',  8'  as  2',  /  as  3',  &c« ;  or  else  take  the  difference  between 
00 
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the  minutet  and  seoondB  denoted  by  the  Temier  and  le' ;  thne^  if  the  eeinio* 
denoe  of  linee  on  the  are  and  yeniier  is  at  7'  20",  we  mmt  read  thia  aa  t'  40^; 
if  at  5'  40"  we  muBt  read  this  as  4  20^  and  so  on.  Similazlji  for  a  aeztant 
eat  to  1 9',  if  0  on  the  yemier  stands  between  the  seoond  and  third  strokes 
to  tbe  right  of  O  on  the  are,  and  the  seventh  minnte  stroke  of  the  Temisr 
coincides  with  a  stroke  on  the  arc,  then  the  reading  of  the  are  of  oaooes,  thait 
is  9ff^  will  be  38',  since  the  seyentb  stroke  is  eight  when  reck(med  from  the 
Jeftof  theyerniar. 

The  preceding  remarks  relate  te  the  true  QuaSrani  and  SmtmU^  but  instra- 
ments  of  the  first  kind  are  now  not  unfreqnentlj  graduated  on  the  limb  to 
1 20^,  and  the  second  kind  up  to  1 60® ;  this  arrangement  is  eflEsoted  bj  placing 
the  index-glass  at  an  angle  with  the  index-bar,  and  so  fixing  the  hwiaoft* 
glass  that  it  shall  be  parallel  with  the  index-glass,  when  0°  on  the  Teniier 
eoincidee  with  0^  on  the  limb. 

ADJUSTMENTS  OF  THE  SEXTANT  AND  QTJADBANT. 

208-  The  adfuiiwuntt  of  the  sextant  and  quadrant  are : — ( 1 )  l\kuiik$ 
index-gloM  and  (2)  th$  hor%%on-gla9»  perpmdimlar  to  ih$  pUmeofthe  nutmmmU: 
(3)  to  adjuit  the  Une  of  eoUimation  of  th$  Ule$eops,  i.e.,  io  set  ihs  tucii  of  tk$ 
tehseope  paraM  to  the  plane  of  the  tnttruwuni;  (4)  and  io  $§t  the  horhn^hu 
paralUl  with  the  index-flaes,  when  0  f aero  J  on  the  vemier  eonmdee  with  0  furoj 
9n  the  are:  then,  if  the  adjustments  cannot  be  perfected,  (5)  to  find  the  indess 
error  of  the  instrument : — 

ut.  Tbe  Index-fliMBy  or  central  mirror,  must  be  perpmiiP 
Aicular  to  the  pli^ne  of  tbe  lwtriiiiieat«— Place  H^e  index  peer  ibe 
middle  of  the  are.  Hold  the  sextant  with  its  face  up,  the  index-glasa  b^ing 
placed  near  the  eye,  and  the  limb  turned  from  the  observer.  liook  obliquely 
down  the  glass ;  then,  if  the  part  of  the  arc  to  the  right,  viewed  by  direct 
vision,  and  its  image  in  the  mirror,  appear  as  one  continued  arc  of  a  oircUy 
the  adjustment  is  perfect ;  if  the  reflection  seems  to  droop  from  the  arc  itself, 
the  glass  leans  hack;  if  it  riees  upward f  the  glass  leans /rtror^.  The  position 
{s  rectified  by  screws  at  the  back. 

2nd.  The  horiaoii»gliUM,  or  fixed  mirror,  mnst  be  perpen* 
diculi^r  to  the  plane  of  the  Inatmrneiiti— (a)  By  the  eea  A^tmsh.— 
Set  0  on  the  index  to  0  on  tbe  are.  Hold  the  instrument  with  its  face  ty ; 
direct  the  sight  to  the  horiaon-glass,  give  the  instnuuMit  a  email  nodding 
motion;  then  if  the  horison,  as  seen  through  the  tranapareiit  part  of  the 
horizon-glass,  and  its  imege,  as  seen  in  the  silvered  par^  appear  to  b6  ini^ 
continued  etraighi  Une^  the  adjustm^t  is  perfect 

For  this  method  of  (a)  testiag  tbsM  mosfc  he  qp  i«d»  oieQr,  whieh  oeetifii  (i  noasemuy 
when  (h)  the  (on  U  used. 

(b)  By  the  mh.— The  instrument  being  held  perpendicular,  look  at  the  en 
(using  the  shades) ;  sweep  the  index-glass  along  the  limb,  and  if  the  reflected 
{mage  pass  exactly  over  the  object  itself,  appearing  neither  to  the  right  nor 
left  of  the  object,  then  the  horizon-glage  is  perpendicular  to  the  plane  of  the 
lAitiFimoftti  if  Mi^  tvm  tb»  a4iv^  mbswi  whi^  i^  «>me  *TiTtnmi«ts  ia  « 
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m]ll*lMttddd  one  «!  the  back  of  th«  instrameniy  while  in  others  it  is  a  small 
eorew  behind  aad  near  the  apper  part  of  the  glaes  itself,  whioh  oan  be  turned 
by  placing  a  eapstan-pin  into  the  hole  in  the  head  of  the  screw. 

3rd.  The  line  of  colUmatlon,*  or,  in  other  words,  the  axis 
of  the  telescope,  mnst  be  parallel  to  the  plane  of  the  instru-t 

ment^t— Torn  the  eye-piece  of  the  telescope  till  two  of  the  parallel  wires  is 
its  focus  appear  parallel  to  the  plane  of  the  instrument;  then  select  two 
ofcyectBy  as  tne  sun  ani  moon,  whose  angular  distance  must  not  be  kst  than 
ftott  rob*  to  rio^y  because  an  eiror  is  more  easily  discoyered  when  the 
cKstanoe  is  great ;  bring  the  reflected  image  of  the  sun  exactfy  in  contact  with 
the  direct  lavage  oi  the  moon,  at  the  wire  nearest  the  plane  of  the  seztanti 
and  ix  the  index ;  then,  by  altering  a  little  the  position  of  the  instrument^ 
make  the  object  appear  on  die  other  wire ;  if  the  contact  stall  remains  perfect, 
(the  images  baring  overlapped  in  the  middle  of  the  field),  the  adjustment  ie 
perleet;  if  they  s^arate,  ^e  object  end  of  the  telescope  droops,  iheken  the 
eerew/tfr^Atftf^  firom  the  instrument  in  the  ring  which  holds  the  telescope,  and 
tighten  tiba  othar ;  bnt  if  they  overlap  the  reverse  is  the  oaee^  and  tiie  instru- 
ment must  be  adjusted  in  contrary  manner. 

^th.  The  horizon-glass  uaM  tie  parallel  to  the  index- 
glass- — Set  0  oa  the  indcK  to  0  on  the  arc;  screw  the  tube  or  telescope 
into  its  Sbdnt,  and  turn  the  screw  at  the  back  of  the  instrument  till  the  line 
which  separates  the  transparent  and  silvered  parts  of  the  horizon-glass 
appears  in  tiie  middle  of  the  tube  or  telescope.  Hold  the  sextant  vertically,  * 
that  is,  with  its  arc  or  limb  downwards,  and  direct  the  sight  through  the  tube 
er  tideseope  to  the  horiaen ;  then,  if  the  refiected  and  true  horizons  do  not 
coincide,  torn  the  screw  at  the  baek.and  at  the  lower  part  of  the  horizon* 
glass  till  tbsy  are  made  to  appear  in  the  same  straight  line.  Then  will  Che 
horkon-glass  be  truly  parallel  to  the  inde2-g^ass4 

ftd<l>  Def. — Index  Brror  of  reflecting  instruments,  such  as  the 
sextant,  is  the  di&rence  between  the  zero  point  of  the  graduated  limb,  and 
where  the  zero  point  ought  to  be,  as  shown  by  the  index  whem  the  index- 
glass  is  parallel  to  the  horizon-glass. 

$0.  To  Old  the  Index  eanwsfliom-^TbB  two  olrjeets  general^ 
used  to  determine  the  index  error  are  (a)  the  sea  horizon,  and  (b)  the  mm» 

(a)  JBf  the  horinon. — Holding  the  instrument  vertically,  move  the  index 
till  tiie  horizon  coincides  with  its  image,  and  the  distance  of  O  on  the  index 
from  0  on  the  limb  is  the  index  error ;  iuhiraotive  when  0  on  the  index  is  to 
the  Ufii  and  additive  when  it  is  to  the  right  of  0  on  the  Kmb ;  but  if  0  on  the 
index  stands  exactly  at  0  on  the  limb,  there  is  no  index  error. 


•  The  line  of  collimation,  t.«.,  the  path  of  a  visaal  ray  paosing  through  the  oeHtte  ni  fbe 
ol^eQt-gUMS,  sad  the  middle  point  between  the  orosa  wins. 

t  The  #rfor  caneed  by  the  imperfection  of  thia  adjaatmenfe  is  oalled  the  **JSrror  rf 
MUmatitm;'  and  the  obsetred  angle  is  always  too  great. 

X  Some  sextants,  as  Tbougbtom's  Pilkr  Sextants,  are  not  provided  with  the  means  for 
Biakiag  this  adjislnu^  begauM  it  is  not  abaokUely  naoesnry.  An  allowance,  called  Ini$ii 
Wrrer^  being  made  for  the  want  of  paraUeliKn  of  the  two  glasies  wl^ea  t)ie  fsioea  Qotneiae. 
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Bz.  I.  The  horison  and  its  image  being  made  to  ooinddei  the  reading  is  2'  on  the  aio. 
Then  a'  is  the  Index  Cbrn&tion  to  be  niHracUd  from  erery  angle  obserred. 

Ex.  a.  When  the  horizon  and  its  image  were  made  to  coincide,  the  reading  was  3'  so' 
o^the  arc;  the  index  coireotion  therefore  was  +  3'  >o** 

Kon.— The  reading  may  be  on  the  arc  proper,  or  on  the  arc  of  excess ;  it  is  on  the  latter 
when  O  on  the  yemier  is  to  the  right  of  O  on  the  limb,  and  the  reading  is  then  said  to  be 
q^  the  ate ;  when  0  on  the  remier  is  to  the  left  of  O  on  the  limb,  the  reading  is  said  to  be 
Oft  the  arc. 

(b)  Bff  meoiuring  iJu  mn's  Mmtikimd^.— Fitting  the  telesoope  and 
arranging  the  ahades  so  that  the  reflected  and  direct  images  of  the  sun  may 
be  viewed  clearly  and  seen  of  the  same  brightness,  measure  the  sun's  hori- 
zontal diameter,  moving  the  index  forward  on  the  divisions  until  the  images 
of  the  true  and  reflected  suns  touch  at  the  edges ;  read  off  the  measure  which 
will  be  on  the  arc ;  then  cause  the  images  to  change  sides,  by  moving  the 
index  back;  take  the  measure  again  and  read  off;  this  reading  will  (as is 
generally  the  case)  be  off  the  arc ;  half  the  difference  of  the  two  readings  is 
the  index  correction. 

When  the  reading  oti  the  arc  is  the  greaUr^  the  correction  is  tubtraetm: 
when  the  Ui90ri  tMitive, 

"PiXAlfyT.lS. 


Sx.  I.    On  the  ate  —  33'  lo* 
Off  +  30  5® 

a)i  ao 
Index  oorr.  Mi&<.    i  10 


Ex.  a.    On  the  are  —  30'  ao' 
Off  4.  33  30 

a)3  10 

Index  oorr.  add    i  35 


If  both  readings  are  om  the  arc,  or  both  off  the  arc,  half  their  sum  is  the 
index  correction— ftfi^a^Mw  when  both  on,  addiUvo  when  both  o^the  arc 


Bx.  3.    ist  reading  on  the  ate  —  65*  30'  Ex.  4.    ist  reading  off  the  are  4-    i'  30' 


and 


Index  oorr.  Mift^.    33  35 


«>A      n  fi  +66  so 

a)6S  ao 

Index  oorr.  Mtf    34  10 


One-fourth  of  the  sum  of  the  two  readings  should  be  equal  to  the  sun's 
semidiameter  in  the  Ihuiteai  AlmanaCf  for  the  day ;  but  if  both  readings  be 
on  or  both  off  the  arc,  ano^/ourih  their  difforonce  should  be  the  sun's  semi- 
diameter. 

Thus,  suppose  the  obserrationB,  in  Example  i,  to  be  made  on  September  26th,  1S87 ;  here 
one-fo!tfth  of  the  snm  of  the  two  readings  is  16'  0%  agreeing  with  the  semidiameter  as  given 
in  the  ytuUical  Almanae  for  the  given  day. 

This  affords  a  test  of  the  accuracy  with  which  the  observation  has  been 
made.  But  in  order  that  the  comparison  may  be  a  good  criterion,  we  should 
measure  the  sun's  horhonial  diameter  which  is  not  sensibly  affected  by 
refraction. 

Ok. — ^In  order  to  obtain  the  index  correction  with  the  greatest  precision, 
the  mean  of  a  number  of  measurements  of  the  sim's  diameter  should  be  taken ; 
also,  the  limb  should  be  placed  (by  hand,  before  the  tangent  screw  is  used) 
alternately  a  litUe  open  and  a  little  overlapping,  so  that  in  making  the 
omtaot  Ae  tangent  sovew  may  be  turned  difllneiit  ways. 
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Ex.  I.    1887,  April  t7th,  the  reading  on  the  arc  29'  40',  the  reading  off  the  arc  34'  10* : 
nqoired  the  index  correction  and  eemidiameter. 

Sk.  2.     1887,  Jnly  4th,  the  reading  on  33'  10%  off  29'  50':  find  index  correction  and 
Bemidiameter. 

Ex.  3.    1887,  Norember  isth,  on  4'  40%  off  60'  10':  find  index  correction  and  semi- 


Ex.  4.  1887,  July  loth,  on  32'  45*,  off  34'  30* :  find  index  correction  and  aemidiameter. 
Ex.  5. .  1887,  March  2  ist,  off  i*  10'  o',  off  6'  40' :  find  index  oorreotion  and  semidtameter. 
Ex.  6.    1 887,  January  i7thy  on  67'  40',  on  2'  30' :  find  index  oorreotion  and  aemidiameter. 

207.  The  Prismatic  Sextant.— In  the  form  of  instrument  just 
deeoribed,  and  which  is  all  but  uniyersally  employed,  the  angle  measureable 
is  limited  to  140^;  but  we  may  perhaps  add  here  that  Pistob  and  MABTiirSy 
of  Berlin,  have,  by  an  ingenious  modification  of  the  horizon-glass  (for  which 
they  substitute  a  pnsm),  produced  a  sextant  which  will  measure  any  angle 
up  to  1 8o^    This  instrument  is  called  the  Tbibmatio  Sbztavt. 


The  JMnpinf  Mhaw9  ih$  farm  of  JSMMPM^iofi  Fofm^  an  ik$  adfuiimmi  of  iko 
EXAMINATION  PAFEB. 

^  BatatioB  No. 


Partof 

ADJUSTMENTS  OP  THE  SEXTANT. 


J%$  appUcmU  mU  muwir  in  writimffy  on  a  thmi  ofpaptrwhkh  icOl  be  gwm  him  bp  ih$  JSxamimr, 
«0  ih$fUhwing  quitUoHs,  fmmbmn^  hit  aftnaeri  toUh  ths  mmbtn  Mmapmimg  to  the  gmttiam, 

i.*What  if  the  ilrst  adjaftment  of  the  lextant  P 

A^— 'To  let  the  indeK-glass  perpendioolar  to  the  plane  of  the  iextant. 

2.— How  do  yon  make  that  abutment  P 

A.— Piaoe  the  index  near  the  middle  of  the  arc,  hold  the  saztant  with  the  fiuse  upward^ 
aio  from  me,  and  look  into  the  index-glass  so  that  yon  oen  see  hoth  the  azo  and  its  reflec- 
tion ;  if  they  be  in  one  line^  the  index-gl^m  is  perpendicnlar  to  the  plane  of  the  instnunanti 
hnt  if  not  oontinnoosy  they  are  brought  bo  by  the  aorews  in  the  frame  upon  whioh  the  index- 
glaae  standi. 

3.— What  is  the  leoond  a^'ostoMnt  P 

A.— To  set  the  horiion-glaae  perpendioolar  to  the  plane  of  the  sextant. 

4.F-Deeoribe  how  you  make  that  adjnstment  P 

A.— Flaoe  O  of  the  vemter  on  O  on  the  are,  hold  the  instntmont  obliqnsly,  with  its  free 
upwards,  and  look  through  the  teleeoope  and  the  horiion-glaas  at  the  horison;  if  the  re- 
fleoted  part  and  the  direct  portions  of  the  horiaon  are  in  one  Une,  this  adifaitment  is  perfeot| 
but  if  not,  they  must  be  brought  in  line  by  gently  moving  the  top  sciew  at  the  btok  of  the 
horisoo-glass. 
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5.— What  is  the  third  tAixuAmmi  t 

A.-^To  set  the  index  and  horison-glasses  parallel  when  the  index  in  at  O. 

6.— How  would  70a  make  the  third  adjustment  f 

A. — Place  the  index  at  O,  and  holding  the  instmment  vertioallyt  look  through  tfie 
telescope  and  horizon -glass  at  the  horizon ;  if  the  tme  and  reflected  horizons  appear  in  000 
straight  line,  this  adjustment  is  perfect,  hut  if  they  are  not  in  one  line,  more  the  bottom 
screw  at  the  hack  of  the  horizon-glass  untU  they  are. 

7« — In  the  absence  of  a  screw  how  would  you  proceed  P 

A.^ — I  would  find  the  index  error. 

8.— How  would  you  find  the  index  error  by  the  horizon  ? 

A.— Set  the  index  near  O,  hold  the  instrument  tertically,  and,  looking  through  the 
telescope  and  horizon-glass  at  the  horizon,  if  the  true  and  sefleoted  perts  of  the  hoiinQ  are 
not  in  the  same  straight  line  move  the  tangent  screw  until  they  form  one  line :  the  leading 
Is  the  index  error. 

9.—How  is  it  to  be  applied  F 

A.~To  be  added  when  the  reading  is  off  the  arc,  and  to  subtract  when  the  reading  is  ott 
the  arc* 

10.— Place  the  index  at  the  error  of  minutes  to  be  added,  damp  it,  aifd  leare  ft 

No  oHtwot  to  he  writtm;  the  Saumum  wiU  m  that  it  it  corroot. 
Tki9  ii  a  readtng  of  the  are^  i.e.,  on  the  mro  ofoxctto. 

ii.*-The  Bxaaainer  win  then  plsce  the  zero  df  the  Tetnfek  oftthe  arc,  not  mar  anyofthe 
marked  divisions,  and  the  Candidate  will  read  it. 
JVb  amwor  to  be  written;  the  Examimr  will  tee  that  it  it  eorreet. 
In  aU  eatet  the  Candidate  miU  nam  or  othenti^  point  o$tt  the  terewt  need  in  the  variame 


The  above  eompletet  the  examination  of  Steond  Motet. 

In  addition  to  the  above  Oid^  Matet,  Firet  Matet,  and  Mattert  wHl  be  required  to  ttaU  in 
writing  : — 

13.— How  do  you  find  the  index  error  by  the  sun  f 

A.--Place  the  index  at  about  30'  on  the  arc,  and  holding  the  instrument  rertioslly,  look 
through  the  telwcope  and  the  horiz^n-glaaa  at  the  sun,  two  sun's  will  be  seen ;  bring  that 
upper  and  lower  limbs  in  exact  contact  by  the  tangent  screw,  reftd  olBT  and  mark  down,  them 
pUoe  the  index  at  about  30  0/ the  arc,  or  to  the  right  of  O,  bring  down  the  upper  and  lower 
limbs  in  contact  as  before,  read  off  and  mark  down ;  half  the  diffeience  of  these  two  readings 
will  be  the  index  error. 

13.— The  readings  being  |  | :  what  iathowdex  ener,  and  howdoyMapiay  itP 

A—To  be  added  when  the  greater  reading  is  ef  tiie  aM^  and  Wfttmeted  when  the 
yeatar  reading  is  mi  the  ate. 

14.^ What  proof  have  you  that  these  measurements  or  angles  have  been  taken  wfdr 
tolerable  accuracy  P 

A.— By  adding  the  two  readings  together,  and  diridhig  the  sum  by  4;  if  the  measure- 
ments are  correct,  the  result  should  be  nearly  equal  to  the  semidiameter  for  the  day,  aa 
given  in  the  Nantieal  Aknanae.  If  they  do  not  so  agree^  aepeal  the  obeewMlons  uiitil 
they  do. 
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209»  A  Cbart  is  «  m»p  or  jJm  of  a  sea  or  coast.  Jt  is  oonstructed  for 
ibe  pur|K>se  of  ascertaiiuQf  the  position  of  tbe  ship  with  referenpo  to  tbe 
land|  and  of  shaping  a  course  to  mj  place. 

209^  The  use  to  he  made  of  the  chart  in  each  case  determines  the  method 
of  projection,  and  the  particulars  to  be  inserted,  (i)  The  chart  may  be 
reqmred  for  coastiiig  purposes^  for  the  use  of  the  pilot,  &c.«  and  then  only  a 
very  small  portion  of  tbe  surface  of  the  globe  being  represented  at  once,  no 
pracitica}  error  results  from  oonsidering  that  surface  a  plane,  and  a  ^*plan0 
fhmrt "  is  oenstmcted  in  which  the  differe^ett  hesdiands,  lighthouses,  ftc^  are 
laid  down  according  to  their  bearings*  Ths  soiindings  o«  these  charts  are 
marked  with  great  accuraqr ;  the  rocks,  banks,  and  shoals,  the  channels, 
with  their  buoys,  the  local  currents,  and  circumstances  connected  with  the 
tides,  are  also  noted.  (2)  Again,  for  long  sea  passages  the  seaman  requires 
a  chart  on  which  his  course  may  be  conveniently  laid  down.  The  tra^  of  a 
ship  always  steering  the  same  course  appears  as  a  straight  Mne  (and  can  at 
onet  \m  drawn  wi&  a  rvlev)  on  tbe  2fytrtai^$  AmrL  Henee  tbe  charts  used 
}n»angatianare]Ceroator'sdhaFts«  (i)  When  great  eMe  sailing  is  praotuy 
aUe»  and  of  advantage,  a  chart  o«  tbe  ''mUt^pN^iffUo%''  or  gnomic^  exhibits 
tbe  track  as  a  atraigbt  Ium,  Mid  if  thforefora  conyenient.* 


ON  SCSSOATOiB'a  Q^iJSS^ 

(8m  NmrU,  pa^  126-131 ;  or  Super's  **Jhraetim  ofNaviffoHm/'  pa^m  iap»«9t»  ^  t^  mUm^. 

M0«  A  eh^rt  iieed  at  sea  for  marking  down  a  ship's  track  and  for 
other  purposes,  exhibits  the  surfaee  of  the  globe  oa  a  plmie  on  which  the 
meridians  are  drawn  parallel  to  each  other,  and  therefore  the  parts  B  H,  01, 
SE,  4ke.  (Fig.  ij,  paga  7a),  area  of  paralleb  of  latitnde,  are  increased  and 
become  eaual  to  the  corresponding  parts  of  the  equator  ITT,  Y  W,  fte.  Now, 
in  order  that  every  point  ^  tbia  plane  may  ciccupy  the  same  relative  posiljon 
with  reepeot  to  each  ether  that  the  points  eerresponding  to  them  do  on  the 
surface  of  the  g^obti  the  distance  between  any  points,  A  and  0,  and  A  and  F 
must  be  inoiaaeed  in  the  same  proportion  as  the  distance  FO  has  been 
inereaeed.  The  tnie  difference  of  latitude,  AO,  is  thus  piojeefted  on  the 
cb^rt  into  what  is  called  the  mmiumal  dif&rmca  of  latitude,  «ad  the  departure 
BH  4-  01 4*  D£,  &e. ,  into  the  difference  of  longitude,  and  the  rapresentation 

•  The  method  lately  iotrodacsd  by  Hveu  OomnAT,  "Ba^,,  M.A.,  St.  John's  CUl«a% 
Ouahiidas^  destrvs*  ipeoisl  meaiioii,  os  its  beauty  and  eimplieity  will  uUimalely  lesd  to  its 
'  adeptioB.    A  shart  on  the  ceotral  i^Fejeetion,  as  etatad  above,  exhibils  tha  gteat 


sinla  Si  a  stmigM  lia^,  and  that  it  is  leen  al  oaee,  whether  the  tfaok  bstureen  two  plaeea  is 
a  prastieable  one;  hanee,  also,  we  have  by  iaapeotaan  the  point  ol  highoet  latkade.  An 
aoosoifanyiBg  diagravk  then  givei  the  different  soanee,  and  dietaneee  ^  bA  rna  on  eaoh,  in 
sadsr  to  keep  within  ^  of  a  poini  to  tiM  sireat  otrole.  Thie  ohart  and  diagHun  ie  fnlly 
isstw(bo<  in  the  fWwteliwit  tf  tk$  ikmMih§  JthMmmkimf  iMti^,  vsL  %,  part  11,  and  ^ 
pfcUshedbyJ,D,Pottsr,Poalti7. 
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is  oalled  a  Mercator's  projection  (see  pages  73-7$,  and  Fig.  16).  It  is 
eyidentlj  a  true  representation  as  \oformoi  every  partionlar  small  track,  but 
▼aries  greatly  as  to  point  of  9cdU  in  its  different  regions,  each  portion  being 
more  and  more  enlarged  as  it  lies  farther  from  the  equator,  and  thns  giving 
an  appearance  of  distortion.* 

(i.)  In  charts  generally,  the  npper  part  as  the  spectator  holds  it,  is  the 
North,  the  lower  part  Sonth,  and  that  towards  his  right  hand  the  East,  that 
towards  the  left  West,  as  on  the  compass  card. 

In  a  case  which  sometimei  happens  when  the  npper  part  is  not  the  North,  the  North  part 
may  he  known  by  the  North  part  of  the  compass. 

(i.)  On  Hercator's  chart  the  parallel  lines  fit>m  North  to  South  (from  top 
to  bottom)  are  termed  nufridiant^  and  they  are  all  perpendicular  to  the  equa- 
tor ;  the  meridians  on  the  extreme  right  and  Uft  are  the  graduated  meridians 
—so  called  from  showing  the  divisions  for  degrees  and  minutes.  The  loHtftds 
is  measured  on  the  graduated  meridians,  and  also  the  dutanee, 

(3.)  The  parallel  lines  from  West  to  East  (from  left  to  right)  are  called 
paraUelSf  and  they  are  all  parallel  to  the  equator,  the  parallels  at  the  top  and 
bottom  are  graduated  to  degrees  and  minutes— and  longitude  is  measured  on 
the  graduated  parallels.    Di$tane$  cannot  he  taken  from  them. 

(4.)  The  depth  of  water  is  denoted,  as  also  in  some  places  the  quality  of 
the  bottom.  The  numerals  or  figures  in  harbours,  bays,  channels,  &c., 
indicate  umndinge  reduced  to  hw  water  ordinary  tpring  tidee.  The  Eamanfigwree 
indicate  the  time  of  high  water  at  full  and  change  of  the  moon.  Thus: 
XI  hrs.  34""  F  ft  0  means  that  the  time  of  high  water  is  thirty«four  minutes 
past  eleven  on  days  of  full  and  new  moon.  The  onehorM  on  the  chart  denote 
anchorage.  The  small  arrowe  show  the  direeUon  of  the  eetof  the  current^  the 
current  going  with  the  arrow. 

*  It  is  plain  from  the  principles  of  Mercator^B  projection,  and  from  the  diaipmm  (page  131) 
which  connects  the  enlai^  meridian  with  the  difference  of  longitude,  that  if  a  ahip  set  oat 
on  any  point  on  the  glohe,  and  sail  on  the  same  ohliqne  rhumb  towirds  the  pole,  it  oan  reach 
it  only  after  an  infinite  number  of  revoiatioDs  round  it.  For  frt>m  any  point  to  the  pole, 
the  projected  meridian  is  infinite  in  length,  and  so,  therefore,  is  the  differiinoe  of  longitude 
due  to  this  ad^anoe  in  latitude  upon  an  oblique  oourse.  Oonsequently,  this  latitude  oan  be 
reached  only  after  the  ship  has  circulated  round  the  pole  an  infinite  number  of  times. 

These  endless  revolutions,  however,  are  all  performed  in  a  finite  time,  the  entire  track  of 
the  ship  being  of  limited  extent.  This,  howsTer  paradoxical  it  may  appear,  is  necessarily 
true  from  the  principles  of  plane  sailing,  which  shows  that  any  finite  advance  in  latitude  is 

always  connected  with  a  finite  length  of  track,  this  length  being     ^^^'  '^^ 


COS.  coutse. 

The  apparent  paradox  of  the  infinite  number  of  revolutions  about  the  pole  being  performed 
in  a  finite  time,  becomes  explicable  when  we  consider  that,  whatever  be  the  prof^ressive  rate 
of  the  ship  along  i^s  uodeviating  course,  the  times  of  performing  the  saooessive  revolutions 
continually  diminish  as  the  ship  approaohea  the  pole,  both  the  extent  of  drcuit  and  the  time 
of  tradnff  it  tending  to  lero,  the  limit  actually  attained  at  the  pole  itself;  hence  there  must 
nltimatefy  be  an.  infinite  number  of  such  circuits  to  occupy  a  finite  time. 

When  the  pole  is  reached  the  direction  all  along  preserved  may  still  be  continued,  and  a 
descending  path  will  be  described  similar  to  that  jast  considered,  and  which  will  oondoot 
the  ship  to  the  opposite  pole,  after  an  infinite  number  of  revolutions  round  it,  as  in  the 
former  case.  In  receding  from  this  pole  the  track  described  will  at  length  unite  with  that 
at  first  traced,  the  point  of  janction  being  that  from  which  the  ship  originally  departed. 
But  for  ibe  strict  maihematieal  proof  of  ihe^  Utter  ciroumstanoes  th(«  student  may  consult 
Professor  Datzxs'  onrious  and  instmotiTe  papers  on  SfpherietU  Qt^mrdmeUe  in  the  Aaiahnrdli 
^VansaetionS|  vol.  XU.  ^^ 
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(;.)  Lines,  called  Compasseif  similar  to  those  on  the  oompass  card,  are 
drawn  at  convenient  intervals  on  the  chart.  In  charts  of  large  seas,  as  the 
Atlantic,  these  compasses  are  generally  drawn  so  that  the  line  from  the  North 
to  the  South  point  corresponds  with  the  true  meridian ;  but  in  coasting  charts 
the  same  line  generally  coincides  with  the  carreet  magnetic  meridian. 

TA$  CandidaU^i  aiUnium  u  dratan  io  the  folhwing  ptnnU  in  conneetum  with 
ekarii. 

A  strange  chart  being  placed  before  you,  it  should  be  your  special  care  to 
detormine,  before  you  answer  any  question  concerning  it,  or  attempt  to  make 
use  of  it,  which  is  the  North  part  of  the  chart.  In  the  case  of  British  charts 
this  may  be  known  by  the  fact  that  there  is  always  at  least  one  oompass  the 
true  North  point  of  which  is  detormined  by  a  star  or  other  ornament. 

The  Examiner  will  hand  the  Oandidato  a  Mercator's  chart,  and  he  will  be 
required  to  detormine  whether  the  chart  is  a  ''true"  or  ''magnetic"  one, 
and  whether  it  is  for  the  northern  or  southern,  and  eastorn  and  westom 
hemisphere. 

In  the  first  place  then,  remember  that  all  charts  are  projected  true,  but 
the  eompoif  on  the  chart  may  be  true  or  eorreet  magnetie.  When  the  North 
and  South  line  of  the  compass  is  on  a  meridian,  or  runs  in  a  line  parallel 
with  the  meridians,  and  its  East  or  West  line  is  either  on  or  parallel  with  the 
parallels  of  latitude,  such  a  compass  is  a  true  oompass;  otherwise  it  is  intonded 
to  be  eorreet  magnetfe^  and  the  variation  is  usually  inserted  within  the  com- 
pass. If  the  distance  between  the  parallels  increases  upwards,  i.^.,  towards 
the  top  of  the  chart,  it  represents  a  part  of  the  northern  hemisphere,  but  if 
it  increases  downwards,  it  is  part  of  the  southern  hemisphere.  If  the  degree^ 
and  minutes  on  the  graduated  parallels  (top' and  bottom  of  chart)  increase 
toward  the  right  the  longitude  represented  thereby  is  East,  if  they  increase 
toward  the  left  the  longitude  is  West.  If  the  meridian  of  Qreenwici 
(long,  o^)  comes  on  the  chart,  the  longitude  to  the  right  of  that  meridian  is 
East,  and  to  the  left  it  is  West. 

If  the  meridian  of  1 80^  comes  on  the  chart,  the  longitudes  to  the  right  of 
that  meridian  will  be  West,  and  the  longitudes  to  the  left  of  the  same  meridian 
will  be  East.  But  the  West  longitudes  will  inereaeefrwn  right  toleft^  and  the 
East  longitudes  wiU  inereaeejnm  left  to  rights  as  &r  as  that  meridian. 

PEAOTIOAL  EXAMINATION  ON  THE  USE  OP  THE  OHAET. 

Fob  Only  Mates,  FntsT  Mates,  and  Mastbbs.  i 

The  Deviation  Tables  given  below  are  to  be  used  in  all  the  questions  oil 
the  use  of  the  Chart.  It  should  be  particularly  noticed  that  these  Tables 
contain  the  Deviation  of  the  Oompass  for  all  directions  of  the  ship's  head 
by  compass,  whereas,  in  the  Examination,  we  have  to  find  the  deviation 
of  the  compass  for  a  given  direction  of  the  ship's  head  correct  magnetie.  This 
may  easily  be  found  by  JSfapi^s  diagram  (if  alleweij ;  if  not  allowed  it  may 

Digitized  by  LjOOQIC 


t90 


(h  tk$  Chmi. 


be  found  by  aUowing  the  deTiations  from  the  table  on  the  oonrses  oppocite 
to  which  they  standi  the  results  will  be  the  Correct  Maguetio  Courses  cor- 
responding to  the  Compass  Courses  or  Ship's  Head  by  Compass.  We  ha^e 
thus  a  second  Table  of  Deviations  for  Ship's  Head  Correct  Magnetic  (see 
Col.  3,  Table  B|  page  291). 

PEYUUON  OAED-No.  L 
SHIPS    HEAD    WHEN    BUILDING. 


Ship's  HMd 

By  OompMi 

North    

N.byB 

N.N.B 

N.E.V7ir 

N.K • • 

N.E.byB 

B.N.E 

B.byN 

Bant  

E.byS 

E.aB 

S.B.byK    

DtJS*     ••••••  •••••• 

8J:.by8 

S.&B 

S.byB.    


Beviaticiis. 

mO 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

w. 

XJL 


Ship's  Head 

By  Oomptsi 

South 

S.byW 

s.aw 

8.W.byS 

8.W. 

S.W.by  W. 

W.S.W.    

W.byS.  

West 

W.byN 

W.N.W.   ■•••■•  •••••• 

N.W.  by  \t •    ••••••*# 

N.W 

N.W.  byN 

JM  *tf  •  W  •     ••••••  i«t*«t 

N.byW ,,..... 


DsdsttoBS. 


6«  JH 

14 

E. 

»3 

E. 

»7 

B. 

^1 

E. 

B. 

16 

B. 

93 

E. 

19 

E. 

'5 

E. 

II 

B. 

7 

B. 

% 

B. 

0 

B. 

^ 

W. 

5 

W. 

DEYIA.TION  OABD-No.  U. 
gHXPS    HKAD    WBMS    BUILDINa 


I  •••••••• 


•  •»  •••••# 


Ship's  Head 

By  Oompaii 

Ndrth    

N-.byB.   ... 

N.N.B 

N.B.byN.  , 
xV«E«  ....  •  •  • 

N.E.byB.  . 

E.N.B 

KbyN.   ... 
Bast  .„••• 
B.byS.    ... 

B.S.E.   

aB.byB. 

Ba8«£<*     .... .... ...... 

S.B.  by  a 
S.S.B.    .. 

S.byB. 

» .II'.' 


De^iatioiiB. 

10  B. 

18  E. 

2$  B. 

39  B. 

31  B. 

33  B. 

31  B. 
aS^B. 

14  B. 

18  B. 

10  B. 

^  S^ 

I  W. 

4  W, 

6  W. 

8  W. 


Ship's  Head 
By  Oompass 

Sooth 

abyW.  ... 

as.w. 

S.W.  by  a 

aw 

aw.  by  W, 
W.S.W. 
W.  by  a 
West.... 
W.  by  N. 
W.N.W. 
N.W.  by  W, 

N.W .....;.. 

N.W.  byN ,. 

ri.M.w.    ......  ■••... 

N.byW............. 


...... •...••«• 


..»•.• «...«« 


•  •«.•. ...... 


Demtians. 

10  W. 

11  w. 

13  w. 

15  w. 

17  w. 

19  W. 
II  W, 
33  W. 
aj  W. 

M  W. 

20  W. 

18  w. 

15  w. 

10  w. 

3.  F- 


-aU 


OVtwi  a  wrreei  magntiic  emne  ly  the  chart  letwem  two  painti  qf  hni^  to  fund 
ih$  wmru  that  mutt  be  steered  hjf  eompaee. 

Semng  fomd  ehip^e  head  eerreet  magnetic  (see  Col.  3,  Table  B)  iy  W^W 
de^iaium  p>  ehpU  he^  tp  ^on^au  (Bule  :SXSnt  page  104), 


Digiti: 


zed  by  Google 


6»  t^  (%^t. 


it)t 


find  the  deyiatlon  corresponding  to  the  given  correct  magnetic  course  in 
oolnmn  3  of  Table  of  Deviations  (see  Table  B,  below),  and  apply  the  devia- 
tion to  the  correct  magnetic  course  the  reverse  way  to  that  given  in  Bule 
xxxyij  page  104,  to  find  the  correct  magnetic  course,  having  given  the 
oompass  course ;  namely,  apply  ea$(erfy  deviation  to  the  left  of  the  correct 
magnetic  course  and  weaUrif  to  the  right  as  in  the  foUolnng  example. 

NoTB.— -When  the  correct  magnetio  coarse  proposed  lb  be  made  does  not  correspond  to 
any  of  tbe  ooursea  in  colamn  3  of  Table  of  Deviations,  nor  near  midway  betweefb  them; 
than,  if  the  deviation  is  large,  the  oorreeponding  deviation  may  be  found  by  proportion,  as 
in  the  following  :^ 


IRk,    Ootreot  magnelie  oonrse  by  chfoi  8.  45**  B. 
compass  (deviations  as  annexed  Table  A). 


■Table 

A. 

ShiifsHead 
byOompaai, 

DerJAtion 

Sonth 

8.byE 

a8.B 

8.E.by8... 
8.B.    ...... 

21     W. 

26  W. 
37   W. 

required  the  eOniM  to  be  steered  by 


Table  B. 


Ship's  Head  by  Oompufl. 
O0I.1. 

DevUtion 
Col.  a. 

Oorreot 
OoL). 

8onth or         o* 

8.byB „    8.  II  15' E. 

8.6.E „    8.  2230  E. 

8.E.byS.  ..    „    S.  3345  E. 
8.B „    8.45    0  E. 

i3r  w. 
21  w. 
26  w. 

37   W. 

8.  If  o'B. 
8.  31  15  B. 
S.  48  30  B. 
8.  64  45  E. 
8.  82    0  B. 

8.  3%'*  15*  E.,  next  less  to  45^ 
8.48  30  B.,    „    greater  to  45*. 

Diir.     16  15  in  valae  of  a  point. 


Deviation  at   8.  32"*  15'  E.    is    21*  W. 
8. 48  30  B.    is    26  W. 


Gorreet  magaetiB  oonrse      =  8.  45''   o'  E. 
Next  Ust  coarse  in  colamn  3  =  8.  32   15  E. 


Diff. 


Change  in  deviation 
16-2    :    5» 


12-7 
5 


t6»: 


•^>V 


if- 


Deviation  at    8.  48*  30'  E.    is    26  W. 
Corr.  fbr  f^  30"  subt,       t 

Deviation  at    8.  45'  E.  25  W. 

Ootrece  ntegnetio  course  d.  45  B. 

Compass  oonrse  8.  20  B. 


TJaing  Deviation  Card,  No. ,  find  the  course  to  steer  by  oompass  from 

— ^-^^  to ;  also  the  distance. 


BITLE  TiXXXTT. 

Xo  And  the  Coune.— Zoy  a  pair  ofpardOel  ruUre  aver  the  poinU  indi- 
caied  hy  A  and  %  and  join  theee  poinU  hy  a  straight  line.  Then,  taking  core  to 
preserve  the  direction  0/ the  parallels,  move  them  to  the  centre  ofth$  compass,  when 
the  ttjrue  Ot  Correct  Magnetic  Course  is  found  according  as  the 
compass  on  the  chart  is  a  IVw  or  Magnetie  compass. 
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If  the  oompaes  on  the  chart  is  a  Ihte  oompass  you  must  seek  on  the  chart 
the  variation  nearest  the  place  of  the  ship,  and  apply  it 
EoBterly  variation  to  the  Uft, 
W$9t$rly  „  right 

which  will  give  the  Correct  Magnetic  Caune, 
Now  apply  the  Deviation — same  way  as  variation — riz. : — 
Eaetcrly  to  the  left  and  Westerly  to  the  right. 
This  wiU  give  the  Oompass  Course. 

If  the  compass  is  a  magnetic  CompaflB  having  found  the  magnetic 
course  you  proceed  to  apply  the  deviation  as  directed  above. 

To  And  the  Distance.— ^ai^  half  the  distance  between  the  two  points 
(A  and  B),  and  placing  one  leg  of  the  dividers  on  the  graduated  meridian  at  the 
latitude  of  the  point  midway  between  the  two  points  measure  on  each  side  of 
the  samCf  and  the  nuw^er  of  degrees  between  the  extreme  points  brought  into  miles  is 
the  distance  required. 

QUESTION  II. 

With  the  ship's  head  on  the  above  oompass  course bore  by  com- 
pass   f  and bore  — — —  by  same  compass:  find  the 

ship's  position. 

BX7LE  LXXXlll. 

i^.  If  the  compass  on  the  chart  is  a  True  Compass.— iVni  the  True 
Bearing  0/each  j^fM^  by  allowing 

Basterly  variation  to  the  right 

Westeriy  „  left 

anddlso 

Basteriy  deviation  to  the  right 

Westeriy  „  left 

but  the  deviation  must  be  ^at  due  to  the  direction  of  the  ship^s  head  at  the  time  of 
making  the  observation. 

2^  If  the  compass  on  the  chart  is  correct  magnetic— Corr^^r^  the 
compass  bearings  for  deviation  only  fas  above  directed).  Having  found  the  true 
bearings  or  correct  magnetic  bearings  fas  the  ease  may  be  J  of  each  point ;  then 
from  each  point  draw  Unes  opposite  to  the  bearings,  and  the  point  of  intersection 
is  the  position  of  the  ship. 

QUESTION  in. 

With  the  ship's  head  as  above bore  by  compass ,  and 

after  continuing  the  same  course miles  it  bore :  find  the  posi- 
tion of  the  ship  and  her  distance  from  — — ^  at  the  time  of  taking  the 
second  bearing. 

BULE  LXXxiV. 

i''.  If  the  compass  on  the  chart  is  a  True  Compass-— jF^im^  the  true 
bearings  of  the  point  by  allowing  the  deviation  and  variation  as  in  Question  11. 

2^.  If  the  compass  on  the  chart  is  a  Correct  Magnetic  Compass*— 
Find  the  correct  magnetic  bearings  of  the  point  by  correcting  the  compass  bearings 
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for  deviaium  anfy^  at  in  Qaestion  11.  Then^  the  ship^s  courte  having  been  9$t  off^ 
from  the  given  pointy  or  tyhthousef  draw  a  line  opposite  to  the  first  eorreeted 
hearing  cutting  the  line  AB  tn  a  point  which  eaU  a.  Draw  another  line  running 
in  an  opposite  direction  to  the  second  eorreeted  bearing^  which  name  b.  From  the 
spot  where  the  first  hearing  crosses  the  course  lay  off  the  distance  run^  taken  from 
the  graduated  meridian  ;  the  extremity  of  this  distance^  which  name  d,  may  not 
readi  to,  or  it  may  reach  beyond,  the  crossing  spot  of  the  second  bearing^  in  either 
case  draw  a  line  parallel  to  the  first  bearing,  such  that  it  shall  pass  through  the 
extremity  of  the  distance  run  and  cut  the  Une  of  the  second  bearing  ;  the  ship^s 
position  is  where  the  last  line  crosses  the  seoond  bearing^  thence  measure  the  distance 
from  the  point f  and  take  off  the  sh^'s  position. 

QUESTION  rV. 

Find  the  oourse  to  steer  by  compass  from  — ^— ^  to  -^— —  (see 

Question  I)  to  counteract  the  effect  of  a  current  which  set j  at  the 

at  the  rate  of miles  per  hour,  the  ship  making  by  log miles  per 

hour;  also,  the  distance  the  ship  would  then  make  good  in hours 

towards  — . 

RULE  LXXXV. 

Draw  a  Une  on  a  chart  to  represent  the  course  to  be  made  good;  from 
the  ship's  place  on  the  chart  lay  off  a  line  in  the  direction  of  the  set  of  the 
current,  on  which  mark  off  from  the  ship's  place  the  rate  of  the  current 
per  hour ;  then  take  in  the  compasses  the  distance  the  ship  sails  in  an  hour 
by  log,  and  put  one  foot  on  the  last-named  mark,  and  from  the  point  where 
the  other  foot  reaches  the  first  line  draw  a  line  to  the  mark  on  the  line 
representing  the  direction  of  the  current.  The  course  to  be  steered  is  repre- 
sented by  the  Une  last  drawn,  and  the  parallel  ruler  being  placed  to  it,  and 
moved  to  the  centre  of  the  compass  on  the  chart,  will  give  the  course  of  the 
ship ;  and  that  portion  of  the  first  line  drawn,  intersected  by  the  last  line 
drawn,  wiU  be  the  distance  the  ship  will  make  good  per  hour. 

Fig.  6a. 


On  a  chart,  suppose  A  to  be  the  place  of  the  ship,  B  the  point  of  destination ; 
also  A  0  the  set  of  the  current,  the  rate  per  hour  being  taken  from  the  scale 
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of  miles  and  laid  off  in  the  direction  of  the  line.  Take  the  distance  sailed  by 
the  ship  per  hour  from  the  scald  of  miles,  and  with  one  foot  of  the  dividers 
at  C,  make  an  arc  cutting  A  at  D.  Join  0  D,  and  move  the  parallel  ruler 
from  0 1)  to  A,  drawing  A  E  parallel  to  0  D ;  then  A  E  will  be  the  direction 
of  the  ship's  head ;  and  the  jparallel  ruler  being  moved  to  the  centre  of  the 
compass  on  the  chart,  will  give  the  course  of  the  ship  on  the  chart ;  and  A  D 
will  be  the  distance  the  ship  will  make  good. 

EXAMPLE  I.--(Tra6  Chart— Chart  lued  for  working  Samner'a.) 

(I.)  Usiog  Deviation  Cird  No.  T :  find  the  course  to  be  steered  by  oompass  from  A  to  B, 
also  the  distance  (variation  1 1*  E.) 

Latitude  A  5a*  5'  N.  Loligitade  A  176*  50'  S. 

Lay  an  edge  of  a  parallel  ruler  over  the  positions  A  and  B,  tJien  move  the  parallel  rule 
(strictly  preserving  the  direction)  until  an  edge  pass  through  the  centre  of  the  (true)  com- 
pass, then  the  point  of  the  oompass  corresponding  with  fhd  edgs  of  thd  ruler  shows  tSi6  (rue 
course  from  A  to  B — ^it  will  be  found  to  be  S.  by  E. ;  then  proceed  Im  follows : — 

True  course  S.  hj  E.  ==  S.  i  i^E.  (L.  of  S.) 

Variation  11  E.,  allow  to  left  (L.) 

Correct  magnetic  course  S.  22  E.  (L.  of  S.)  =  S.8.E. 

Deviation  for  S.B.E.  6  W^  allow  to  ri^ht  (B.) 

Compass  course  8.  16  E.  =  8.  by  E.  (  E. 

The  variaUon  being  11°  E.,  this  allowed  to  the  kft  makes  correct  magnetic  course 
8.  22**  £ ,  or  S.S.E.  (Eule  LXXXII).  Then  entering  Deviation  Table,  Card  I,  we  take  out 
the  deviation  for  S.8.E.,  nearest  to  8.  22^  E.  (note  that  deviation  has  to  be  applied  as  in 
oorrectiug  courses  in  Day's  Work),  and  proceed  thus : — 


Compass  Ooursw 

8.S.B.  =  8.  22°30'  B.  (L.  of  8.) 
Deviation  11    o  W.  (L.) 

Correct  mag.  course  6.  33  30  E. 

which  Is  sfreaUr  than  given  correct  magnetic 
course  8.  22<*£.. 


Next,  entto  Table  with  oompass  course 
8.  by  E. 

8.  by  E.  =  8.  iioiy  £.  (U  of  8.) 
Deviation  3    o  W.  (L.) 

Corr.  mg.  cotirse      8.  14  15  E. 

which  is  k9$  tfaun  given  ooi^.  num.  ocofta 

8.  22«  E. 


It  is  evident  that  the  correct  mag.  course  8.  22*  E.  Ues  between  8.  14*  15'  E.  and 
8.  33^  30'  E.,  and  that  the  required  deviation  will,  therefore,  lie  between  the  deviations  for 
these  two  last  corr.  mag.  courses,  that  is  the  deviation  lies  between  3®  W.  and  1 1*  W.»  and 
may  be  found  by  proportion  as  follows  ;^ 

Corr.  mag.  course  8.  14^15'  E.    gives  Dev.  3^W.       Oiven  Corr.  mag.  course  8.  22^  o'  E. 
„  8. 33  30  E.  „       II  W.       Nextiwf  „  a  14  15  B, 

Diif.  for  I  point         19  15      Change  dev.  8  7  45 

or,  i9*'2  7«*7 

Then  i9*-2    :    T**?    :  i    8®  •  Deviation  for  corr,  mag.  course  8.  14^  15'  E.  =  3'W. 

8  Corr.  for  7<"7,  to  be  odM  -}-  3 

i9*2}6i*6(3*a  Deviation  for  corr.  mag.  course  8.  22*  E.       =6  W. 

400 
Whence  the  deviation  for  correct  magnetic  course  8.  22*  E.  Is  6*  W. ;  this  must  be 
allowed  to  the  ri^ht  (opposite  way  to  that  when  correcting  courses  in  Day's  Work)  on  the 
correct  magnetic  course,  making  compau  course  8.  16''  E.,  or  8.  by  E.  \  £.  Write  down 
this  compass  course,  and  also  the  distance  from  A  to  B  as  measiured  in  the  usual  way  on 
the  graduated  meridian. 

^fuvf. -^CompaiB  course  8.  by  E.  \  E.,  disftaace  61  miles. 
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(II.)  With  the  ship's  head  on  the  above^naoied  oompase  oonriek  I)  bore  by  oompaM 
K.  54°  E.,  alio,  E  bore  S.  85°  E.  by  the  same  compass :  find  the  ship's  position. 

The  compass  on  the  chart  beinf  a  tsue  compass,  and  as  in  this  qaestion  (II)  the  btarings 
axe  giTen  by  compass,  with  the  ship's  head  on  the  course  from  A  to  B,  as  found  in  the 
ptenons  question  (I) ;  the  compau  bearings  mnsi,  therefore,  be  turned  into  tru$  bearings 
by  allowing  the  deviation  proper  to  the  course  and  the  giTcn  yariation ;  that  is,  the  s^me 
corrections  (deviation  6°  W.,  and  variatioQ  ii**  E.)  applied  to  the  compass  bearings  of  D 
and  E  (but  in  a  contrary  way  to  that  in  Question  I)  give  their  true  bearings,  N.  59°  E.  = 
NJB,  by  E.  \  E.,  and  S.  8o*  E.  =  E. }  S.;  thus  :•- 

D.  E. 

Compass  bearings  K.  54«E.   (BofK)  8.  S5*B.   (LofS) 

Deviation  same  as  Question  I,  allow  inUfl         6  W.  (L)  6  W.  (L) 

GorrectmegneUobeaiinmi  N.4S  E.   (BofN)  8. 91  E.   (LofS) 

Yariation  same  as  in  I,  allow  to  rvA/  11  E.   (B)  11  E.   (B) 

True  bearings  N.  59  E.  =  N.E.byB.iE.    8.  So  E.=rE.|S. 

Haviag  found  the  tiue  bearings  of  the  points  D  and  E,  we  now  pioceed  to  lay  off  these 
bearings  on  the  chart,  thus  t—- 

Place  the  parallel  rules  on  the  compass  on  the  chart,  having  an  edge  over  N.E.  by  E.  \  E. 
and  S.W.  by  W.  \  W.,  then  work  the  parallels  (preserving  the  direction)  till  an  edge  lie 
overD;  draw  a  line  irom  D,  tiendfng  8.  W.  by  W.  ^  W.,  toward  the  line  A  B  (always  take 
care  that  the  lines  of  bearing  are  drawn  in  a  contrary  direction),  so  that  as  the  ship  is 
somewhere  on  A  B,  the  point  shall  bear  N.E.  by  E.  \  E.  Again,  place  the  parallel  rules 
on  the  compass  over  £. }  8.  and  W. }  K.,  then  move  the  parallels  (being  careful  to  preserve 
the  direction)  till  an  edge  lies  over  E,  then  draw  a  line  trending  W.  {  N.  from  E  towards 
the  line  AB;  the  poini  whsre  these  two  lines  intersect  Is  the  ship's  position,  the  latitude 
and  longitude  of  which,  found  in  the  usual  way,  is 

.iuMMT.— Utitude     51*  35'  ^• 
Longitude  177    o  EL 

(IH).  inth  the  ship's  head  on  the  above  compass  course,  0  bore  N.  85*  E,,  and  after 
eontinulng  on  the  same  course  13  miles  it  bore  N.  39^  E. :  find  the  posiUon  of  the  ship  and 
bar  distance  firom  0  at  the  second  bearing. 

Finti  the  two  MmjMMs  bearings  are  to  be  turned  into  trm  bearings,  by  applying  the  same 
corrections  as  in  IL 

ist  Compass  bearing  N.  S5*E.  (BofN)       aad  Com.  bear.  N.  36*E.  (BofN) 

Dev.sameasinI,idlowto^>t         6  W.  (L)  6  W.  (L) 

Correct  magnetic  beariug  N.  79  E.    (B  of  N)  N.  3)  E.   (B  of  N) 

Yar.  8ameasinI,allowtoivA<      n  B.   (B)  11  E.   (B) 

ist  True  bearing  N.  9oE.  =  East.  N.44B.  =  NJL 

Place  the  parallel  rules  on  the  compass  on  the  chart)  over  the  first  true  bearing  which 
lies  East  and  West»  and  working  the  perallels  (strictly  preserving  the  direotion)  till  an  edge 
lies  over  C.  Draw  a  Une  trending  West  from  0  (t.#.,  in  a  eontiary  direction  to  the  beariog 
from  the  ship),  cutting  the  line  A  B  in  a  point  which  call  a.  Again,  proceed  to  lay  off  the 
second  true  bearing,  N.E.,  by  laying  the  parallels  over  N.E.  end  S.W.  on  the  compass  on 
the  chart  (and  being  careful  to  preserve  the  direotion),  move  them  to  the  point  C,  and  draw 
another  line  running  S.W.  {pppotiU  the  bearing)  toward  the  ship,  and  cutting  the  line  AB 
in  a  second  point,  which  mark  h.  Next,  with  a  pair  of  dividers,  take  the  distance  sailed, 
13  milen,  from  the  graduated  meridian  and  lay  it  off  from  a  towards  ^,  and  mark  the  point  to 
which  the  foot  of  the  dividers  extend  d.  Through  d  draw  a  line  parallel  to  the  line  of  first 
beariog,  and  where  tl)is  parallel  liue  outs  the  lino  of  second  bearing  Is  the  ship's  poiitioa 
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at  the  time  of  taking  the  second  bearing.    The  ship's  distance  from  0  will  be  found  to  be 
17  miles,  and  the  ship's  latitude  to  be  51^  iq\'  K^  and  the  longitnde  177®  8*  K 

u^MMW.— -Latitude  51*  io|'  K. 
Longitude  177  8  E. 
Distance  17  miles. 

lY.  Find  the  course  to  steer  by  compass  from  A  to  B  (see  Question  1}  to  counteract  the 
effect  of  a  current  which  set  E.N.E.  (true)  at  the  rate  of  8  miles  per  hour,  the  ship  makiog 
by  log  14  miles  per  hour ;  also,  the  distance  the  ship  would  make  good  per  hour  towards  B 
(see  Bule  LXXXY,  page  293). 

The  current  setting  E.N  J!,  (true)  lay  an  edge  of  the  parallel  rules  over  E.N.E.  on  the 
compass  on  the  chart,  then  move  the  parallels  (being  careful  to  preaerre  the  direction) 
until  an  edge  Ues  oyer  A  (the  ship's  position  on  the  chart),  and  from  A  draw  a  line  in  an 
E.N.E.  direction.  With  a  pair  of  dividers  measure  on  the  graduated  meridian  8  miles,  the 
rate  of  the  current  per  hour,  and  measure  this  off  on  the  line  just  drawn,  and  call  this  line 
Ao,  then  take  in  the  compasses  the  distance  14  miles  (also  measured  on  the  graduated 
meridian)  which  the  ship  sails  an  hour  by  log,  and  put  one  foot  on  the  last  named  mark  («) 
and  at-the  point  where  the  other  foot  reaohes  AB  make  a  mark  and  call  it  0;  draw  a  line 
from  #  to  a.  The  course  to  be  steered  is  represented  by  this  line  last  drawn,  and  the 
parallel  rules  being  placed  to  it,  and  moved  to  the  centre  of  the  compass  on  the  chart,  gives 
the  true  course  of  the  ship  S.S.W.,  westerly.    Then  proceed  thus  :— 


True  course  8.S.W. 
Variation,  allow  to  Irft 

Ck>rrect  magnetic  course 
Deviation,  allow  to  Uft 

Compass  course 


8.  22<'3o'W.  (BofS) 
II    o  E.   (L) 


S.  II  30  W.  (B)  =  8.  by  W. 


8. 


8    o        (L)'  (see  liable  below.) 
3  30  W.  =  8.  J  W.,  westerly 


8.  \  W.,  westerly,  is  therefore  the  course  to  steer  in  order  to  make  allowance  for  the 
ourrent.  The  dirtance  from  a  to  0  taken  in  the  dividers  and  applied  to  the  graduated 
meridian  gives  10  miles,  the  distance  made  good  per  hour  towards  B. 

Oorr.  mag.  course  8.   6°  o'  E.    gives  Dev.  6°E.        Given  corr.  mag.  course  8. 1 1^30'  W. 
„  8. 25  15  E.  „       14  E.         Next  Im  8.    6    o  W. 


«9  '5 
or,  i9''» 


5  30 
?7 


Bhip'aHflad 
Oompass. 

Deflation 

sup's  Head 

Ooiz«ot 

Magnetic. 

8outh   .... 
8.  byW... 

a8.w 

6»E. 
23  B. 

8.    6«  o'E. 
8.  25  15  E. 
8.  45  30  E. 

f9**2 


i9-2)44-o(2» 
384 


Deviation  for  corr.  mag.  course  8.  6^  o'  E.  is      6°E. 
Oorr.  for  s^S  +  » 

Deviation  for  corr.  mag.  course  8. 11*  30'  E.  is   8  E. 
EXAMPLE  n. 

(I.)    Using  Deviation  Oard  No.  I :  find  the  course  to  steer  by  compass  from  A  to  B, 
also  the  distance.    (Chart  used  for  Sumner's  work). 

Lat.  A  50^25'  N.  Long.  A  176^*3'  B. 

Lat  B  ^o    5  N.  Long.  B  178  45  E.  Yar.  29«  E. 
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Fkoe  an  edge  of  a  parallel  rule  over  the  positions  A  and  £,  and  more  the  parallels 
(strictly  preserving  the  direction)  until  an  edge  pass  through  the  centre  of  the  oompass^ 
then  it  will  be  seen  that  the  true  course  from  A  to  B  is  E.  by  S.  i  S.  The  Tariation  29''  E., 
allowed  to  the  2^  because  it  is  required  to  deduce  a  eorrect  fnagn$tie  course  from  a  irm 
course,  makes  correct  magnetic  course  8.  106*  21'  E.  or  N.  73**  39'  E.  =  E.  by  N.  \  N. 
Then  the  dcTiation  foe  correct;  magnetic  course  E.  by  K.  j^  N.  is  23<'  W.  (see  Table  I) ;  this 
must  be  applied  to  the  right  hand,  whence  the  compass  course  is  found  to  be  S.  83*  21'  E,, 
thus: — 


True  course  E.  by  8. }  S.  = 
Variation,  allow  to  left 

8.  77°2i'E.  (L.of8.) 
29    0  E.  (L.) 

Ezoeeds96<' 
Subtract  from 

8. 106  21  E. 
180    0 

Correct  magnetic  course                           N.  73  39  B.  (B.  of  N.) 
Deviation  (Table  I),  allow  to  n^A<                23    0  W.  (B.) 

=  E.byN.iN 

Exceeds  90° 
Subtract  from 

N.96  39  E.  (E.ofN.) 
180    0 

Compass  course 

8.  83  21  E.  =  E.  f  S. 

(See  Dot.  Card,  No.  L 

Oozr.  Mag.  Oourse.           Dev. 
N.  68°  0'  E.            22«W. 
N.  77  15  E.           24  W, 

9  '5                   » 
9-2 

Dey.forN.68«o'E. 
Oorr.  for  5-6  is 

ShipPiHead 
Oompass. 

Deviation 

SWflHead 

Oorreot 

Miignetio. 

Oor.  Mag.  Ooum. 
N.68*'  o'E. 
N.  73  39  E. 

RbyK... 

East 

E.byS.  .. 

26»W. 

22    W. 

24  w. 

N.  58*45'E. 
N.68    oE. 
N.  77  15  B. 

5  39 

9«-2 

:      f 

6      : :      2« 

2 

is           as^'W. 
+    ' 

9'2)ll*2(l*» 


.  Dot.  for  N.  73^  39'  B.  is   23  W. 


(II.)  With  the  ship's  head  on  the  above-named  course,  a  point  D  bore  by  compass 
N.  17^  W. ;  also,  a  point  E  bore  N.  33*  E.  by  the  same  compass :  find  the  ship's  position. 

Lat.  D  5o»  30'  N.  Long.  D  177'  5^'  B. 

Lat.  E  50  28  N.  Long.  E  178  23  E. 

The  compass  on  the  chart  used  bdng  a  trm  compass,  the  compass  bearings  above  must  be 
reduced  to  the  true  bearings ;  and  since  the  ship's  head  is  on  the  same  course  as  in  Ques- 
tion I,  therefore  the  same  deviation  and  variation  must  be  applied  (but  the  contrary  way)  to 
the  compass  bearings  in  order  to  reduce  them  to  true  bearings.  Applying  these  same 
ooirections,  viz.,  deviation  23^  W.,  and  variation  29**  E.,  to  the  compass  bearings  of  I)  and  E^ 
westerly  deviation  to  the  left  and  easterly  variation  to  the  right,  gives  their  true  bearings 
N.  ii«  W.  =  N.  by  W.,  and  N.  390  E.  =  N.E.  \  N.,  thus:— 

B.  E. 

Compass  bearings  N.  i7'W.  (Lof  N)  N.  33»E.   (BofN) 

Deviation  same  as  in  I,  allow  to  Uft       23  W.  (L)  23  W.  (L) 


N.  10  E.   (BofN) 
29  E.   (B) 


Correct  magnetic  bearing  N.  40  W< 

Variation  same  as  in  I,  allow  to  f^A<     29  E.   (B] 

Truebearings  N.MW.  =  N.byW.  N.  39  E.  =  N.E.  J  N. 

Next,  proceed  to  draw  a  line  running  8.  by  E.  from  I)  (opposite  to  bearing  from  ship), 
and  another  S.W.  ^  S.  from  E  (opposite  to  bearing  of  E  from  ship) ;  the  point  where  these 
two  lines  intersect  is  the  ship's  position ;  the  latitude  and  longitude  of  this  point  is  found 
to  be  latitude  50°  la'  N.,  and  longitude  178®  a'  H  . 


Digiti: 


zed  by  Google 


%9*  On  A#  0hm4. 


(III.)  With  the  ship's  head  as  above,  a  point  0  bore  by  compass  K.  43I''  E.,  and  after 
eontinning  on  the  same  oonrse  ss  miles  it  bore  N.  40*  W. :  find  the  position  of  the  ship  and 
the  distance  from  0  at  the  time  of  taking  the  second  bearing. 

Lat.  0  50'  so'  N.  Long.  0  177*  15'  E. 

These  bearings  also,  b^g  compass  bearings,  are  to  be  reduced  to  true  bearings  by  nsing 
the  same  corrections  as  in  Qaestion  I,  via. : — ^Dev.  23*  W.,  var.  29*  E.,  bat  applied  the 
contrary  way  to  that  of  Qaestion  I,  whence  is  foand  the  trae  bearings  of  0  to  be  N.  49I*  E. 
=  N.E.  i  £.,  and  N.  34^  W.  =  K.  W.  by  N.    The  work  is  as  follows :-« 

ist  Oompass  bearinff  of  0        N.  43i*E.  (R  of  17)    and  Com.  bearing    K.  40*W.  Oi  of  N) 
DeT.  same  as  I,  applied  to  lleA     ^t   ^'(^  ^e^*  *t^'\P) 

Oorrect  magnetic  bearing       N.  so(  E.  (R  of  N)    Oorr.  mag.  bearing  N.  63  W.  (L  of  N) 
Var.  same  as  I,  applied  to  fvA<  19   R(R)  Variation  29  B.  (&) 

ist  True  bearing  N.  49iE. --N.E.iE.  and  Trae  bearing     N.  34W.»K.W.W. 

These  two  bearings  are  to  be  laid  off  from  0,  cutting  the  points  a  and  b.  Nest  with  a 
pair  of  dividers  take  22  miles  from  the  graduated  meridian,  and  lay  this  distance  from 
a  towards  b,  and  the  point  to  which  they  extend  is  called  d.  Through  d  draw  a  line  parallel 
to  the  line  of  first  bearing,  and  where  this  parallel  line  cuts  the  line  of  second  beaxing  is  the 
ship's  position  at  the  time  of  taking  the  second  bearing.  The  distance  of  tiie  ship  from  C 
will  be  Ibund  to  be  17I  miles.    Lat.  50°  15^'  K.,  and  the  Long.  i77<'  30^'  E. 

(lY.)  Find  the  course  to  steer  from  A  to  B  (see  Question  I)  to  counteract  the  efieot  of 
a  current  which  set  East  (trae)  at  the  rate  of  3  miles  an  hour,  the  ship  making  by  log  40 
mUes  in  5  hours ;  also  the  distance  the  ship  would  then  make  in  5  hows  towards  B. 

From  A  draw  a  line  running  East,  to  denote  the  set  of  the  onrreBt.  The  rate  of  Ilia 
onrrent  being  3  miles  per  hour,  this  will  give  15  miles  drift  in  5  hours.  Take  15  miles 
with  the  dividers  from  the  graduated  meridian,  and  mark  off  this  distance  from  A  on  the 
line  representing  the  set  of  the  current,  and  call  this  point  a.  Then  take  in  the  oompasses 
the  distance  40  miles,  which  the  ship  has  made  by  log  in  the  time  (also  measured  on  the 
graduated  meridian},  and  placing  one  foot  of  the  dividers  on  a,  and  at  the  point  where  the 
other  foot  reaches  A  B  make  a  mark  and  call  it «,  draw  a  line  from  a  to  0.  The  oonrse  to 
be  steered  is  represented  by  the  last  line  drawn,  and  placing  the  edge  of  the  parallel 
rules  over  a  c^  and  working  them  down  to  the  centre  of  the  compass  on  the  chart,  givea 
E.  by  8.  i  8.  (southerly)  as  the  trw  course  the  ship  must  make  good  from  A  to  B  to 
counteract  the  effect  of  the  current.  Correct  this  course  for  the  poHatum  29^  E.,  as  in 
Question  I,  to  get  the  mttmI  moffmHfi  w^me;  and  en^ter  Deviation  Table,  No.  I,  in  the 
oolumn  "  8hip's  Heed  by  Ck>mpaB8,"  and  thence  find  the  deviation  corresponding  to  the 
comet  magnetic  course,  and  the  result  will  be  the  course  to  steer. 

True  course  E.  by  8.  i  8.,  southerly  =  8.  7s**  E.  (L  of  8} 
Variation  29  E.,  i|^. 

Exceeds  90*  8.  lox  B.  (L.  of  8.) 

Subtract  from  1 80 


N.79  E.sB.byN.(BefN) 
24  W.  (E) 


Ck>rreot  magnetic  coune 
Deviation  (Table  1} 

Exceeds  90*  N.  103  E. 

Subtract  from  180 

Oompass  oourse  8.   77  E.  =  E.  by  8.,  southerly. 

E.  by  8.,  southerly,  is  therefore  the  course  to  steer  to  counteract  the  effect  of  the  eurvsni. 
The  dktance  A  0  taken  in  the  dividers  and  appUed  to  the  graduated  msridiaa  gives  ^^  ailea 
••  the  diiUmoe  made  ^ood  in  5  hours  tow«rdi  B, 
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EXAIIPLB  III.    (Ohart  nsed  for  working  Sumner'fl.) 

(I.)  TJung  Deviatioii  Oard  No.  I :  find  the  course  to  be  steered  by  compass  from  A  to 
B,  also  the  distance.    Variation  2 1<>  W. 

Lat.  A  $!•  s^  N.  Long.  A  179'  ^  B. 

Lat.  B  51  40  N.  Long.  B  178  s5  W. 

True  oonrse  by  chart  from  A  to  B  is  E.  by  S. ;  applying  variation  21^  W.  to  riffhi  gives 
correct  magnetic  course  8.  58^  E.  =  8.E.  by  E.  |  E.,  and  the  deviation  for  this  is  found  to 
be  (Table  I)  lo^*  W.,  which  applied  to  the  riffht  of  correct  magnetic  course  gives  compass 
oonrse  8.  37^'  15'  E.  =  S.E.  |  8.  to  be  steered  from  A  to  B.  The  distance  A  to  B  taken  in 
the  dividers  and  applied  to  the  graduated  meridian  gives  75  miles,  the  distance  between 
these  two  positions. 

(II.)  Witk  the  ship's  head  on  the  above-named  compass  oonrse,  D  bore  by  oorapass 
K.  53)^  W.,  also  E  bore  8.  45!^  W.  by  the  same  compass :  find  the  ship's  position. 

D,  Lat.  5i«  38'  N.  LoDg.  i79»  54'  W. 

E,  Lat.  51**  25'  N.  Long.  179*   8'  W. 

The  same  corrections  as  in  Question  I,  viz.,  deviation  ao)o  W.,  and  variation  11°  W. 
(applied  in  the  usual  way  as  in  working  the  Day*s  Work),  to  the  compasp  bearings  gives 
the  tme  bearing  of  D  =  8.  85^  W.  =  W.  ^  8.,  and  8.  4^*  W.  =  8.  |  W.  in  latitude 
51^  41'  N.,  longitude  179**  6'  W.  Now  draw  a  line  running  E.  ^  N.,  also  another  line 
mnning  N.  |  E. ;  the  point  of  intersection  of  these  two  lines  gives  the  position  of  the  ship. 

ist  Compass  bearing  K.  53''3o' W.  (L  of  N.        md  Com.  bear.  8. 45*45'W.  (R  of  8) 

Dev.  same  as  in  I,  allow  to  /^      20  30  W.  (L)  Deviation  so  30  W.  (L) 

ist  correct  magnetic  bearing  N.  74    o  W.  (L  of  N)  8.  25  15  W.  (R) 

Yar.  same  as  in  I,  allow  to  ^i(     21    o  W.  (L)  Yariatioi)  21    o  W.  (L) 

Exceeds  90"  N.  95    o  W.  2nd  true  bearing  8. 4  15  W.  = 

Snbttttolflmn  180    o  8.|W. 

ist  tme  beariog  8.85    oW.  =  W.  }8. 

(III.)  With  the  ship's  head  on  the  above  compass  course,  G  Uore  8.  74?  E»  by  oon^pass, 
and  after  oontinuixig  the  same  course  aa  miles  it  bore  N.  2if°  E. :  find  the  poeitioii  of  the 
■hip,  and  her  distance  from  0  at  the  second  bearing. 

Jj%t  0  52"  o'  N.  Long.  i8o<»  •'  W. 

first  turn  the  two  compass  bearings  into  in4$  bearings  by  applying  the  same  corrections 
and  in  the  sime  way  as  in  Question  II ;  the  true  bearings  of  0  are  ttins  found  to  be  N.  64)^  E. 
or  N.E.  by  E.  }  E.,  and  N.  isi""  W.  or  K.  by  W.  f  W. ;  the  work  wUl  stand  thus :— 

tst  Compass  bearing  8. 74''  o'E.   (LofS)        2ndCom.bear.N.2i<»45'E.   (RofK) 

I>ev.  same  as  in  I,  allow  to  kfft    20  30  W.  (L)  Deviation  ao  30  W.  (L) 

ist  Correct  magnetic  bearia«  8. 94  30  £.  (Lof8)        2ndCor.awg*l><  V.  i  15  B-  (RofN) 
Yar.  same  as  in  I,  allow  to  left    21    o  W.  (L)  Yariation  a i    o  W.  (L) 

Ezoeeds  90^'  8. 1 15  30  E.  and  True  bear.  N.  r9  4cW.  = 

Subtract  from  180    o  N.  byW.fW. 

■■'  ■   II 
ist  True  bearing  N.  64  30  E.  =1  N.E.  by  B.  f  E. 

Next  from  0  draw  a  line  trending  8.  W.  by  W.  |  W.,  and  another  trending  8.  by  E.  f  K 
(both  opposite  to  bearing  from  ship) ;  then  lay  off  the  distance  sailed,  22  miles,  on  A  towards 
B,  and  mark  the  point  to  which  the  foot  of  the  dividers  extend  d.  Through  d  draw  a  line 
parallel  to  the  line  of  first  bearing,  and  where  this  parallel  line  cuts  the  line  of  second 
bearing  is  the  ship's  position  at  the  time  of  taking  the  second  bearing,  viz.,  latitude 
51^  47'  N.,  longitude  179^  52^'  W.,  and  the  distance  is  found  to  be  13}  miles. 
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(IV.)  Find  the  ooane  to  flteer  by  oompaas  from  A  to  B  (see  Qaeition  I)  to  counteract 
the  effect  of  a  current  which  set  8.  by  E.  (trae)  at  the  rate  of  a  milee  an  hour,  the  ship 
making  by  log  $6  miles  in  8  hours;  also  the  distance  the  ship  would  make  good  in  8  houxs. 

The  set  of  the  current  being  giren  as  true,  therefore  we  lay  that  off  at  once  without  any 
correction  by  drawing  a  line  from  A  running  8.  by  E.  The  rate  of  the  current  being  a 
miles  an  hour,  this  will  giTe  i6  milee  drift  in  8  hours.  Take  i6  miles  with  the  dividers 
from  the  graduated  meridian,  and  mark  off  this  distance  from  A  on  the  Une  representing 
the  set  of  the  current,  and  call  this  point  a.  Then  take  in  the  compasses  the  distance  56 
miles,  also  measured  on  the  graduated  meridian,  which  the  ship  has  made  by  log  in  the 
time,  and  placing  one  foot  of  the  dividers  on  a,  and  at  the  point  where  the  other  foot  reaches, 
A  B,  make  a  mark,  and  call  it  0,  draw  a  line  from  a  to  e.  The  course  to  be  steered  is 
represented  by  the  last  line  drawn,  and  placing  the  edge  of  the  parallel  rules  over  «  0,  and 
working  them  down  to  the  centre  of  the  compass  on  the  chart  gives  E.  |  N.  =  N.  86^  E.  as 
the  irm  course  the  ship  must  make  good  from  A  to  B  to  counteract  the  effect  of  the  current. 
Oorrect  this  course  for  the  variation  ai<*  W.,  as  in  Question  I,  and  so  get  the  oorr$ot  wiogmtie 
€aun$  8. 73°  E.,  then  entering  Deviation  Table,  Oard  I,  the  deviation  is  found  to  be  a4i<*  W., 
which  appUed  to  ri^ht  gives  course  to  steer  8.  48^°  E.  =  8.E.  }  E.    Thus  :— 


True  course  E.  f  N. 
Variation 

Exceeds  90^^ 
8ubtraot  from 

Oorreot  magnetio  course 
Deviation 


K.  86<'E.   (BofN) 
31  W.  (B) 

K.  107  B. 
180 

8^73  B.   (Lof  8) 
a4iW.(B) 


Oompass  course  8. 48}E.  =  8.E.  ^  E. 

8.B.  i  E.  is  therefore  the  course  to  steer  by  compass  to  counteract  the  effect  of  the 
current.  The  distance,  A  e,  taken  in  the  dividers  and  applied  to  the  graduated  meridian 
(immediately  opposite)  gives  60  miles  as  the  distance  made  good  from  A  towards  B  in  tho 
interval. 

a5°W. 
a4  W. 


Ship's  He«l 

Deriatioa 

Blup'sHead 
Ooireot 
Ki^netio. 

8.8i<'i5'E. 
8.  69    0  E. 

la    0 

8.  69<'E. 

8.  73  B. 

4 

f 

8.E.byE.. 
8.B.  ...... 

24  w. 

8.  8iM5'B. 
8.69   oE. 

( 

[>eviAtion    i4«W. 
[Correction       i 

EXAMPLE  rv.— (Ohart  used  for  Snmner^s  work.) 


(I.)    Using  Deviation  Oard  No.  T : 
the  distance  (variation  17*  B.) 


find  the  course  to  steer  by  compass  from  A  to  B,  also 


Lat  A  5005a'  N. 
Lat.  B  49  24  N. 


Long.  A  179O40'  E. 
Long.  B  178  40  E. 


True  course  by  chart  from  A  to  B  is  8.8.W. }  W.,  applying  variation  17^  E.  to  £s/t  gives 
€orr9ct  magmtio  eouns  8.  6*  54'  W.  =  8.  f  W.  The  deviation  for  this  (Table  I)  is  6^  B., 
which  applied  to  the  £»/%  of  correct  magnetic  course  gives  8.  o^  54'  W.  =  8.  i^  W.,  the 
M0i/MM«  cottrte  to  be  steered  from  A  to  B.  The  distance  A  to  B  taken  in  the  dividers  and 
applied  to  the  graduated  meridian  (immediately  abreast)  gives  96  miles,  the  distance 
between  these  two  positionB. 
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(IT.)  With  the  ship's  head  on  the  ahove-named  oompats  ooone,  a  [point]  [lighthonae] 
I)  bore  by  oompaas  N.  71^  W.,  and  a  [point]  [Ughthoose]  E  bore  N.  19°  E.  by  the  same 
oompaas:  find  the  ship's  position. 

Lat«  D  s^  37'  ^*  Long.  179*  10'  E. 

Lat.  E  50  40  N.  Long.  179  40  E. 

The  same  oorrectionB  as  in  Qaeation  I,  via.,  doT.  6^  E.  and  rar.  17*  E.,  applied  (in  the 
same  way  as  in  working  a  Day's  Work)  to  the  compass  bearings  gires  the  trae  bearings 
N.  48«  W,  =  N.W.  }  W.  and  N.  42°  E.  =  N.E.  }  N.  respectively.  Then  draw  a  line 
from  D  running  8.E.  \  E.,  and  another  line  from  E  trending  8.  W.  \  S. :  the  point  of  inter- 
section of  these  two  lines  gives  the  place  of  the  ship  in  lat.  50^*  29'  N.,  long.  179**  25'  E. 

(HI).  With  the  ship's  head  on  the  above  compass  course,  0  bore  8.  s^*  W.  by  compass^ 
and  after  continuing  on  the  same  course  25  miles  it  bore  K.  54°  W. :  find  the  position  of 
the  ship  and  her  distance  from  0  at  the  time  of  taking  the  second  observation. 

Lat.  0  50^  22|'  K.  Long.  0  l^V*  49'  E. 

First  turn  the  two  eompau  bearings  into  true  bearings,  by  applying  the  same  corrections, 
and  in  the  same  way  as  in  II,  above ;  the  true  bearings  of  0  are  thus  found  to  be  8. 79**  W, 
=  W.  by  8.,  and  N.  31°  W.  =  N.N.W.  f  W;  the  work  is  as  follows  :— 

tst  Compass  bearing  of  0  8.  56' W.  (B  of  8)      2nd  Oom.  bear.  0  K.  54*  W.  (L  of  K) 

Deviation,  apply  to  right  6  E.   (R)  Deviation  6  E.   (B) 

1st  Oorreot  magnetb  bearing     8.  62  W.  (B  of  8)      2nd  Ck>rT.  mag.  b.  N.  4S  W.  (L  of  N) 
Yariation,  apply  to  riffAi  17  E.   (B)  Variation  17  E.   (B) 

ist  True  bearing  of  0  8.49  W.  =  W.  by  8.  and  True  bear.  0  N.  31  W.= 

N.N.W.tW. 

Then  from  0  draw  a  line  running  E.  by  N.  (opposite  to  W.  by  8.,  the  bearing  from  ship), 
and  another  line  trending  8.8.E.  {  E. ;  next  lay  off  the  distance  sailed,  25  miles,  on  A 
towards  B,  and  mark  the  point  to  which  the  foot  of  the  dividers  extends  d»  Through  d 
draw  a  line  parallel  to  the  line  of  first  bearing,  and  where  this  parallel  line  cuts  the  line  of 
second  bearing  is  the  ship's  position  at  the  time  of  taking  the  second  hearing,  via.,  latitude 
56*  4'  N.,  longitude  179®  7'  W.,  and  the  distance  from  G  is  found  to  be  aa  miles. 

(IT.)  Find  the  course  to  steer  by  compass  from  A  to  B  (see  Question  I)  to  ooonteraot  the 
effect  c^  a  current  which  set  N.  by  W.  i  W.  at  the  rate  of  3  miles  per  hour,  the  ship  making 
by  log  50  miles  in  6  hours;  also,  the  distance  the  ship  would  then  make  good  in  6  hours 
towards  B. 

The  irm  course  by  chart  is  8.  by  W.,  variation  (same  as  in  Question  I)  17®  E.  applied 
to  kft  gives  correct  magnetic  course  8.  5*  45'  E.  =  8. }  E.;  the  deviation  for  this  (Table  I) 
is  found  to  be  0*  30'  E.,  which  also  applied  to  the  Uft  gives  8.  e**  i^  E.  =  8.  )  B.,  easterly, 
as  the  eompau  cottrti  to  steer  to  counteract  the  effsot  of  the  current.  The  distance  made 
good  fr^m  A  towards  B  in  the  interval  is  34^  miles. 

In  the  foregoing  examples  (I  to  lY)  on  the  '^  Bxaminatlon  in 
Crharty'*  the  chart  used  is  supposed  to  be  similar  to  the  one  the  candidate 
works  the  SmanDit  question  upon ;  but  as  candidates  are  now  required  to 
work  out  the  questions  on  either  a  true  or  magnetic  charty  whicheyer  may  be 
handed  to  him  by  the  Examiner,  accordingly  the  following  examples  are 
intended  as  exercises  in  the  use  of  the  magnetic  chart.  Presuming  that  the 
same  chart  is  used  as  before,  the  candidate  must  allow  for  the  vartatkn^  and 
thus  determine  the  magnetie  Iforth  and  South  points.  Taking  the  following 
example  (Y)  where  the  variation  is  17°  W.,  or  i^  points  W.  Before 
oommenoing  to  work  this  paper  the  candidate  should  make  9Lfleur'4$-lk  on 
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file  N.  by  W.  \  W.  point  on  the  oompaas  on  the  bhart,  and  oottsider  that 
point  as  magmtw  Ifor^f  and  all  the  other  points  as  dependent  thereon.  It 
would  be  advisable  to  draw  with  a  oolonred  {red)  pencil  a  line  from 
N.  by  W.  t  W.  to  S.  by  E.  i  K  to  represent  the  nmpmUc  IT.  and  S.  line ; 
also,  another  rsd  line  joining  E.  by  N.  i  N.  and  W.  by  8.  ^  S.  to  represent 
the  ma^tu  JS,  and  IF.  points.  Having  done  this  prooeed  as  befoie, 
omitting  to  oorreot  for  variation. 

EXAUPLBY.    (Uagnetio  Ohart). 

(I.)  tJaing  Deviation  Oird  No.  II,  find  the  oonrae  to  Bteer  by  compaM  from  A  to  B,  alao 
the  diftance.    Vafiation  17°  W.,  or  i^  points  W. 

A,  Lat.  5d»  o'  N.  Long.  4'  o'  W. 

B,  Lat.  5i»  SI'  N.  Long.  6*»  o'  W. 

Lay  the  edge  of  a  paiallel  mler  over  A  and  B,  then  move  the  rqler  parallel  to  the  Une 
paasing  through  them  until  an  edge  paae  through  the  centre  of  the  oompaos,  then  the  point 
of  the  compass  coinciding  with  the  edge  of  the  parallels  shows  the  magnetic  course  from 
A  to  B  to  be  N.  by  W.  i  W. ;  and,  by  applying  a  pair  of  dividers  to  the  spaoe  between 
them  and  then  to  the  latitude  scale  at  the  side  of  the  chart,  the  distance  is  found  to  be 
i34ipilfe. 

Magnetic  couiae  from  A  to  B  =  IT.  by  W.  i  W.  =  V.  17*  W. 
Deviation,  Oard  II,  for  K.  by  W.  i  W.  as  o 

Compass  ooune  N.  17  W. 

or,  N.  by  W.  |  W. 

(II.)  With  the  ship's  head  on  the  above-named  oompass  course,  a  point  0  bore  by 
oompasB  S.W.9  and  D  bore  S.E.  by  the  same  oompass :  find  the  ship's  poattion. 

0,  Lat.  50°  40'  N.  Long.  5®  13'  W. 

D,  Lat.  50°  44'  N.  Long.  4^  28*  W. 

0  D 

Oompiss  bearing  8.W.  =  8.  45*  W.  S.B.  =:  8.  45*  B. 

Deviation  o  Deflation  o 

Ifagnetio  bearing  8.  45  W.  ICag.  beaxing  8. 45  B. 

S.W.  aiL 

Draw  a  line  through  0,  bearing  8.W.  ma^nstic,  and  another  through  D,  healing  fl.B. 
nrngmiie;  the  point  where  they  meet  is  the  poaitioa  of  the  ship  on  the  ohart«  asd  it  is  in 
latitude  5o<>  5s\'  N.,  longitude  s*^  o'  W. 

(IIL)  With  the  ship's  head  as  above,  a  point  B  bore  by  compass  8.  6^""  W.,  and  after 
ootttinidttg  on  the  same  course  28  miles  it  bore  8.  3I*  B. :  find  the  position  of  the  ship,  and 
her  distanoe  fir^m  £  at  the  time  of  taking  the  isoond  bearing. 

B»  Lat.  $1*  23'  N.  Long.  5-  4)'  W. 

ist  eompaai  bearing  8.  63]^  W.  and  oom^si  bearing  6.  $^  B, 

Deviation  o  De?iation  o 

iiiatf«MliobeariBg8.i3|  W.  and  magnetie  bearCag  8.  3!  B. 

8.W.  by  W,  f  W.  8.  J  K  (easterly). 

Draw  a  line  through  R,  bearing  S.W.  by  W.  f  W.  magnetic,  and  another  8.  (  E.  (easterly) 
magnsHo;  take  28  miles  in  the  dividers,  from  the  latitude  scale  at  the  side  of  the  chart,  and 
move  a  parallel  rales  parallel  to  the  course  from  A  to  B  until  the  dividers  reach  trom.  the 
first  line  of  bearing  to  the  second ;  this  is  the  p^ution  of  the  ship,  aad  she  is  9^  miles 
distance  from  B,  and  in  latitude  5 1'  51'  N.,  and  Umgitade  i""  e'  W. 
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ADDITIOKAL  IX>B  MASTEB8. 

(TV.)  EM  tine  ooQKe  to  itaer  by  oompais  from  A  to  B  (see  QooBlioiL  I)  to  eonnteraot 
tho  effect  of  a  onrrent  which  set  K.E.  ^  E.»  cerrect  magnetic,  at  the  rate  of  3  miles  per 
hour,  the  ship  makiiig  by  log  55  miles  in  5  honrs^  also  the  distance  the  ship  would  then 
make  good  towards  B. 

Magnetic  conrse  from  A  to  B  is  K.N.W.  |  W.  =  K.  3a'  W.  (L) 
Donation  (Oard  n)  6  W.  (B) 

Oompass  conrse  N.  26  W. 

0tH.N.W.iW. 
Distance  made  good  5S}  miles. 

EXAMFLB  YI.    (Magnetic  Chart.) 

(L)  TJsfag  Dsfviataon  Oard,  Ho.  II :  find  tiie  conrse  to  steer  by  compass  from  A  to  B, 
alsotlMdistaiMe.    Yaiiation  a^  points  W. 

A,  Lat.  5cP  53'  H,  Long.  !•  si*  B. 

By  Xiat  49*  40'  N.  Long.  o»  40^  W. 

Before  comuen^ng  to  work  this  question  make  a  Jlmtr-d^-lU  on  the  N.N.W.  \  W.  point 
of  the  oompass  on  the  chart,  to  represent  MofftieHe  Norths  and  from  this  reckon  all  the  other 
points.  Now  draw,  with  a  rtd  pencil,  a  line  from  K.N.  W.  ^  W.  to  S.8.E.  ^  E.,  to  represent 
the  MagnttU  K.  and  8.  line;  also,  another  oolonred  line  running  N.E.  by  E.  f  E.  and 
0.W.  by  W.  f  W^  to  represent  the  Uagn$Uc  K  and  W.  points^  Having  dona  this  proceed 
with  tte  work  w  before^  only  omitting  the  corxeotion  for  Tariation. 

.^mi0«r.— Magnetic  conrse  W.  by  8.  f  &       Deriation  ai**  7'  W. 
Oompass  course  K.  83^  ai'  W.       Distance  iza  miles. 

(EL)  Y^th  the  ship's  hsad  en  the  abore-named  compass  oonrae,  a  [point]  [lighthouse] 
D  bore  by  compass  K.N.E.,  and  E  bore  N.  W.  by  the  same  compass :  find  the  ship's  position. 

D,  Lat.  50-  44'  N.  Long.  o»  15*  E. 

E,  Lilt.  %cP  19)  N.  Long.  0*  cf. 

D*s  correct  magnetic  bearing.  North. 

B's  correct  magnetic  bearing,  N.  67^  'W.,  or  W.H.W. 

^iwcMT.— Latitude  50''  ao}'  N.  Longitude  o^  33^'  E. 

(m.)  With  tihe  ship's  head  as  above^  a  [point]  [lighthouse]  0  bore  by  oompass  N.N.  W., 
and  after  continuing  on  the  same  course  laj  miles  it  bore  N.  by  E.  ^  E. :  find  the  positiofi 
of  ship,  and  her  distance  from  0  at  the  time  of  taking  the  second  bearing. 

QLat50°55'N.  Long,  o'' 5«' B. 

nt  correct  magnetic  bearing  N.  44**  37'  W.  oir  N.W.,  nearly, 
andooxrect  magnetio  bearing  N.  5*  14'  W.  or  N.  |  W. 

jtovMT.'-Latitude  $^  ^  N.  Longitnde  !<"  la'  B. 

DiataBce  17  miles. 

ADDITIONAL  FOB  MASTERS. 

(TV.)  Find  the  ooune  to  steer  by  oompass  firom  A  to  B  (see  ^estion  T)  to  counteract 
the  effect  of  a  current  which  set  8.  by  B. }  B.  (magnetic)  «t  the  vate  of  5  miles  per  hour, 
the  ship  making  by  log  9)  miles  per  hour,  also  the  distance  the  ship  would  then  make  good 
ta  3  hows  towards  B. 

.iMMMT^^Magnetie  course  W.  by  N.  |  N.        Deyiation  iH°  W. 
qpayew  ewae  N«W>  by  W.      Dietaaoe  13}  miles. 
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EXAMPLE  YIL    (Onttine  English  Ghannel  Chart}* 

(T.)  Ddng  Beyiation  Oard  Ko.  II :  find  the  ooiirse  to  steer  by  oomfmss  from  East  point 
of  Quemsey  to  Beiry  Head,  also  the  distance. 

^imMT.— Magnetic  conrse  N.  by  W.  )  W.       Deviation  o}*  E. 
Compass  oonrte  N.  by  W.  \  W.        Distance  66  miles. 

(n.)  With  the  ship's  head  on  the  above-named  compass  oonrBe,  a  [point]  [Ugbthouse] 
Hanois,  West  point  of  Gnemsey,  bore  by  oompass  S.8.W.  \  W.,  and  Casqnets  bore  East 
by  the  same  oompass :  find  the  ship's  position. 

Magnetic  bearing  of  Gnemsey  S.  a9i<>  W.  is  8.aW.  \  W. 
Magnetic  bearing  of  Casqnets  is  East. 

Position :  Lai  49"^  40'  K.  Long,  a^  39'  W. 

(HE.)  With  the  ship's  head  as  above,  a  [point]  [lighthouse]  Casqnets  bore  by  compass 
E.N.E.,  and  after  oontinning  on  the  same  conrse  14}  miles  it  bore  S.E.  by  E. :  find  the 
position  of  ship,  and  her  distance  from  Casqnets  at  the  time  of  taking  the  second  bearing. 

ist  bearing,  magnetic,  K.  69**  E.,  or  E.N.E.  ^  E. 
and  bearing,  magnetic,  S.  54!°  E.,  or  SJ3.  {  E. 

Position  at  and  bearing :  Lat.  49<»  47^'  N.  Long,  a^  48^'  W. 

Distance  17  miles* 

ADDinOKAL  FOB  MASTERS. 

(lY •)  Find  the  conrse  to  steer  by  compass  from  Gnemsey  to  Berry  Head  (see  Question  I) 
to  counteract  the  effect  of  a  current  which  set  E.  by  S.  (magnetic)  at  the  rate  of  2^  miles 
per  hour,  the  ship  making  by  log  45  miles  in  5  hours,  also  the  distance  the  ship  would  then 
make  good  per  hour  towards  Berry  Head. 

^iMiMr.— Magnetic  course  K.N.W.  \  W.       Deviation  (Card  II)  4^^  W. 
Compass  conrse  N.N.W.  \  W.       Distance  38  miles. 

EXAMPLE  VnL    (English  Channel  Chart) 

(I.)  Using  Deviation  Card  No.  II :  find  the  course  to  steer  by  oompass  from  Bolt  Tail 
to  Hanois  light.  Island  of  Gnemsey,  also  the  distance. 

.^iMMMT.— Magnetic  conrse  S.S.E.       Deviation  7"^  W. 

Compass  course  8.  by  E.  f  E.       Distance  6^  miles. 

(II.)  With  the  ship's  head  on  the  above-named  compass  course,  a  [point]  [lighthouse] 
Bolt  Head  bore  by  compass  N.  i^  W.,  and  Start  bore  N.E.  by  E.  \  K  by  the  same  oompass : 
find  the  ship's  position. 

.<f fwiMr.— Bolt  Head,  magnetic  bearing  N.  8^^  W.  or  N.  |  W. 
Start,  magnetic  bearing  N.  55^^  E.  or  N.S.  |  E. 
Latitude  5^*  8^'  K.  Longitude  f  43^'  W. 

(m.)  With  the  ship's  head  as  above,  a  [point]  [lighthonse]  Start  bore  by  compass 
N.E.  by  E.,  and  after  continuing  on  the  same  conrse  19}  miles,  it  bore  North:  find  the 
position  of  ship,  and  her  distance  from  Start  at  the  time  of  taking  the  second  bearing. 

.^luiMr.— ist  magnetic  bearing  N.  49**  E.  or  N  JB.  |  E. 
and  magnetic  bearing  N.  7*  W.  or  N.  f  W. 
Latitude  49*  54'  ^*       Longitude  3*  aa^'  W. 
Distance  aa  miles. 

*  In  working  these  questions  the  English  Channel  Chart  used  may  be  that  published  by 
Im&at  &  Son,  Chahlss  Wilson,  Lauub,  or  the  Admiralty,  or,  in  the  absence  of  any  of 
these,  the  learner  may  use  the  outline  English  Channel  chart  published  to  accompany  this 
Guide  Book— tho  resi^  iu  any  oise  will  not  W^t  perhaps  more  than  a  mile. 
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ADDITIONAL  FOB  MASTERS. 

(lY.)  Find  the  oonne  to  steer  by  compass  from  Bolt  Tail  to  Hands,  Island  of  Gaemsey 
(see  Qaestion  I)  to  counteract  the  effect  of  a  current  which  set  W.  by  N.  (magnetio}|  at  the 
rate  of  3  miles  per  hour,  the  ship  making  by  log  40  miles  in  4  hoars,  also  the  distance  the 
■hip  wonld  then  make  good  towards  Gaemsey. 

Annoir, — Magnetic  course  S.E.  |  S.       Deyiation  yk  ^* 

Oompass  course  S.  33*  E.  or  S.E.  by  S.       Distance  3a  miles. 

EXAMPLE  IX. 

(I.)  Usiag  Deviation  Oard  No.  II :  find  the  course  to  steer  by  oompaas  from  Needles  to 
Gape  Ia  Heye,  also  the  distance. 

Magnetic  course  S.S.E.  ^  S.       Deviation  il"^  W. 
Jmwtr, — Compass  course  S.  13}^  K,  or  S.  by  E.  |  E. 
Distance  93^  miles. 

(II.)  With  the  ship's  head  on  the  above-named  compass  course,  a  [point]  [lighthouse] 
Needlee  bore  by  compass  N.  by  W.  \  W.,  and  St.  Catherine's  bore  E.  ^  S.  by  the  same 
eompaas :  find  Uie  ship's  position. 

Magnetic  bearing  of  Needles,  N.  ai|<>  W.,  or  N.  by  W.  |  W. 
Magnetic  bearing  of  St.  Catherine's,  N.  85^^'  E.,  or  E.  f  N. 
-^jMiMf.— latitude  50®  33'  N.  Longitude  !•  »s'  W. 

(m.)  With  the  ship's  head  aa  above,  a  [point]  [lighthouse]  St.  Catherine's  bore  by 
oompass  S.E.  by  E.  f  E.,  and  after  continuing  on  the  same  course  19  miles,  it  bore  N. }  E. : 
find  the  position  of  ship,  and  her  distance  from  St.  Catherine's  at  the  time  of  taking  the 
■eoond  bearing. 

zst  magnetic  bearing  S.  68*  E.,  or  E.S.E. 

and  magnetic  bearing  N.  4|°  W.,  or  N.  f  W. 

.^iMiMr.— Latitude  50*'  aif  N.  Longitude  i«  8'  W. 

Distance  15}  miles. 

ADDITIONAL  FOB  MASTEBS. 

(lY.)  Find  the  course  to  steer  by  compass  from  the  Needles  to  Gape  Ia  Have  (see 
Question  I)  to  counteract  the  effect  of  a  current  which  set  S.E.  by  S.  (magnetic),  at  the 
rate  of  a  miles  per  hour,  the  ship  making  by  log  40  miles  in  5  hours,  also  the  distance  the 
ship  would  then  make  good  in  5  hours  towards  Cape  La  Heve. 

.^fiMMr.— Magnetic  course  S.S.E. 

Compass  course  S.  15}  E.,  or  S.  by  E.  f  E. 
Distance  50  miles. 


SOUNDINGS. 


£XOa  In  the  open  sea  the  tide  requires  about  six  hours  and  a  quarter  to 
rise  from  low  to  high  water,  and  an  equal  interval  to  fall  from  high  to  low 
water.  If  the  rise  or  fall  was  an  uniform  quantity  throughout,  by  simply 
taking  a  proportionate  part  of  the  rise  or  fall  due  to  the  time  of  tide,  we 
should  at  once  obtain  the  quantity  required  to  reduce  the  soundings  to  the 
low  water  of  that  day.  But  the  water  does  not  rise  in  equal  proportions,  the 
rise  during  the  first  and  last  hours  being  very  small  (about  one-sixteenth  of 
the  whole  range)  j  in  the  second  hour  there  is  a  considerable  increase  of  rise; 
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in  the  third  and  fourth  hours  a  still  greater  increase  of  rise ;  and  then  the 
rise  begins  to  take  off  in  the  same  proportion  as  it  increased.* 

The  correct  amount  for  every  half-hour,  and  for  various  ranges,  is  given 
in  the  *<  Tide  Tables  for  the  English  and  Irish  Ports  for  1885,"  (p.  98,  Table 
B),  published  by  the  Hydrographic  Office,  Admiralty.f 

£XL  As  the  soundings  upon  the  chart  are  aU  referred  to  or  measured 
downwards  from  the  mean  level  of  low  water  of  ordinary  spring  tides,|  casts 
of  the  lead  taken  at  any  other  time  of  the  tide,  or  any  other  day  than  fiill  and 
change,  will  exceed  the  depth  marked  on  the  chart  (except  when  it  happens 
to  be  low  water  o{gr$atest  spring  tides).  It  is  necessary  for  the  seaman  to 
be  able  to  calculate  the  difference  between  the  actual  depth  obtained  by 
means  of  his  lead  and  that  marked  on  his  chart|  in  order  to  the  identification 
of  his  ship's  place,  more  especially  when  the  range  of  the  tide  is  considerable, 
and  the  depth  not  great.  Also,  when  about  to  enter  a  port  in  a  vessel  whose 
draught  of  water  is  nearly  equal  to  the  depth,  it  is  necessary  to  find  the 
height  of  the  tide  as  exactly  as  circumstances  will  permit. 

£X£.  Two  classes  of  questions  may  be  proposed  in  reference  to  this 
subject— :/Sr«%,  to  find  the  depth  of  water  at  a  given  place  and  time;  iecondfyj 
having  obtained  the  actual  depth  by  a  cast  of  the  lead,  to  find  the  sounding 
on  the  chart  corresponding  thereto,  and  thence  to  identify  the  ship's  place. 
Both  these  classes  of  questions  require  us  to  know  the  time  of  high  water 
and  the  range  of  the  tide  on  the  given  day;  and  for  this  purpose  ftlTWftnfv^g 
are  published.  At  the  Board  of  Trade  Examination  Candidates  are  required 
to  use  the  ''Tide  Tables"  published  by  the  Admiralty.  In  this  book  are 
given  the  times  of  high  toaUr  and  the  heigii  of  the  tide  itxc  every  day  in  the 
year,  at  each  of  the  principal  ports  in  Qreat  Britain. 

£&3«  To  find  how  much  we  must  subtract  from  a  cast  of  the  lead,  in 
order  to  a  oon^arison  with  the  soundings  marked  on  the  chart 

*  The  reader  may  obtain  an  idea  of  this  law,  snffioiently  exact  for  praotioal  parposeB,  in 
the  following  manner :— Deaoribe  a  drole,  and  divide  the  oiroumferenoe  into  nx  eqoal  parts 
on  each  side,  ooneeponding  to  the  honra  of  the  tide ;  then  divide  the  diameter  into  propor- 
tional parts,  corresponding  to  a  given  (asHumed)  range  of  tid^.  Connect  the  segments  of  the 
circle  by  straight  lines  drawn  across  the  figure,  when  it  wiU  be  peroeived  that  they  interseot 
the  diameter  at  certain  divisions  of  the  range.  These  are  the  correct  quantities  respectively 
dne  to  each  hoar's  rise  or  fall  of  saoh  a  tide  from  low  to  high  water,  and  vice  vena.  An 
examination  of  these  quantities  will  show,  that  in  the  first  hoar  of  the  tide  the  rise  is  equal 
to  one-sixteenth  of  the  whole  range ;  ait  two  hoora  from  low  or  high  water,  the  tide  has 
risen  or  fallen  (me-fimrih  of  the  whole  range ;  at  three  hours  it  has  risen  just  Xa{f  its  range ; 
at  four  hours  it  has  risen  ihrte-fiurtha  of  the  whole  range ;  at  five  hours  to  within  a  HxUmth 
of  the  whole  range.  The  above  method,  which  is  constructed  on  principles  ^eoretically 
correct,  will  represent  with  sufficient  exactness  all  that  is  necessary  for  practical  purposes. 

t  Table  XTX,  Bafbr,  which  the  author,  in  1847,  computed  for  Bapbk's  work,  also  shows 
the  space  through  which  the  surfooe  of  the  wster  rises  and  laUs  at  given  intervals  from 
Idgh  or  low  water. 

X  On  most  charts  the  soundings  expressed  are  reduced  to  low  water  of  mUnarf  9^^ 
tidee;  but  in  some  charts,  however,  the  soundings  are  reduced  to  the  low  water  of  extm- 
ordinary  spring  tides— such,  for  example,  is  the  case  on  the  chart  of  Liverpool,  surveyed 
by  Captain  Dsnham,  R.N.,  the  soundings  on  which  are  reduced  to  a  spring  range  of  thirty 
feet,  while  the  mean  spring  range  for  that  place,  as  deduced  from  observalionB  made  to 
^wo  years  at  the  Tide  Gauge,  St.  George's  Pier,  is  26  feet. 
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When  the  place  given  is  one  of  the  Standard  Forts  for  Beferenoe,  proceed 

l)y 

BITLE  LXXXVL 

i^  Opm  the  Adnuralty  Tide  Tables  at  the  proper  mofUh;  and  in  the  eolumn 
under  the  head  of  the  place  near  your  position,  and  opposite  the  day  of  the  months 
take  out  the  *Hime^^  of  high  water  in  the  morning  or  afternoon^  as  the  ease  requires^ 
and  oho  from  the  adjoining  oohmny  under  **heighi,^'  take  out  the  height  of  the  tide, 

2^.  Ifext^  undemeaih  the  time  of  high  water  place  the  time  at  sh^,  and  take 
the  difiterence  and  call  it  '*  time  from  high  water." 

3^.  Urom  the  height  of  tide  subtract  the  half  mean  Spring  Bange,  whieh 
stands  at  the  foot  of  the  column. 

The  remainder  is  the  half  range  of  the  day. 

4^.  JEnter  Table  B,  page  98,  Admiralty  Tide  Tables,  and  onder  the  time 
firom  high  water ^  and  opposite  ihe  half  range  for  the  given  day,  "take  out  the 
eorrMion'e(f&esponding  thereto. 

Table  B,  tlie  use  of  which,  in  many  oasea,  involyea  troublesome  interpolationa,  can  be 
diBpenaed  witti  by  naing  the  following  rule: — Take  the  difference  between  the  time  from 
high  water  and  1  houra;  reduce  thia  into  minutea  (by  multiplying  by  60),  and  diyide  these 
minntea  by  2.  Take  the  qaotient  thua  found  as  a  omrae  in  Table  II  (Nobtb  or  Rapbr),  and 
the  height  above  half  tide  (reduced  to  inohea)  aa  a  distance,  and  take  Out  the  correepoading 
tUpariwe,  which  conaider  aa  inches,  and  bring  it  into  feet  and  inohea  by  dividing  by  1 2. 

5^.  Add  the  correction  to  the  mean  half  Spring  Range  marked  on  the  chart 
when  time  firom  high  water  is  less  than  3  hours,  but  ^ttbtraot  if  more  than 
3  hours. 

The  resuU  is  the  excess  of  the  sounding  observed  above  the  sounding  recorded 
on  the  chart f  or  is  the  height  of  the  tide  above  zero. 

6^  Subtract  this  last  from  the  sotmding  shown  by  the  lead,  the  remainder  is 
ike  smndmg  shown  by  ihe  chart. 

Nora  L— When  it  happena  to  be  an  extraordmaiy  low  ebb  tide,  the  quantity  giyen  in 
Table  iB  will  be  greater  than  the  half  mean  apring  range,  and  will  be  eubtraetive.  In  aaoh 
caaea,  aubtittot  the  half  mean  apring  range  from  the  correction  by  Tabic  B,  and  add  the 
reeolt  to  the  aoubdinga  by  lead;  the  anm  will  be  the  Bounding  on  the  chart. 

FiXAMFLIW, 

Ex.  I.  1885,  September  27tb,  at  2^  5i»  p.m.,  a  ahip  off  Lhrerpool  atrikea  aoundinga  in  8 
•fathoma :  required  the  corrected  aoundinga  to  compare  with  the  ebaM.  (The  half  api'ihg 
zfiige  by  Captain  Dvskjlu'b  chart  ia  15  feet). 

Admiralty  Tide  Tablea  (page  70) ;  time  of  high  water  at  Liver- 
pool, September  27  th,  1885     .»      ..       0^52«  P.M. 

Time  of  Bounding        a  52 

Time  from  high  water        . .      a    o 

ft.  in. 

Height  at  liverpool a6  11 

Half  mean  apring  range     '3    9 

Half  range  of  the  day  (or  height  aboye  mean  leyel)     •  •     . .     13    2 

In  Table  B,  page  98,  under  2^,  oppoaite  1 3  ft.  2  in.  atanda  add     6    7 
Half  apring  range  by  chart       15    o 

Oorreotlon  3^  fathoma,  ttearly,  or 21    7 
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OXf  proceeding  thus :— > 

Time  from  high  water    a^  o"  Half  range  for  day    13  ft  ain. 

Subtract  from  30  la 

1    o  i58inohee. 

60 

a)6o 

Oouxse  30^  and  diatance  15S  giye  dep.  79*0  =  6  ft.  7  in.  (as  before). 

Depthbylead      8  fathomi. 

Oorrection     3}     „ 

Showing  the  depth  for  comparison  •  •     .  •    4i     n 
\^ hence  the  depth  to  compare  with  the  chart  is  only  4^  fathoms  instead  of  8  fiAthoms. 

Ex.  a.  1885,  December  a3rd,  7^  15™  a.m.,  a  vessel  anchored  o£f  Weston-snper-Mare  ia 
6|  fiithoms;  at  low  water  the  vessel  was  "high  and  dry:''  required  the  cause  of  this. 
(Half  spring  range  by  chart  a3  feet). 

By  Table :  December  a  3rd,  the  time  of  high  water  at  Weston- 
super-Mare       7i^39BA.M. 

Time  of  anchoring      7  15 

Time  before  high  water      o  14 

ft.  in. 

Height  of  tide  by  Tables 39    a 

Half  spring  range       18    7 

Half  range ao    7 

*  By  Table  B,  a4»  and  half  range  ao  feet  7  inches  give  add  . .     ao    a 
Eychaurt:  half  spring  range     as    o 

Correction  to  low  water      43    a 

Sounding  6}  fathoms,  or •     39    o 

4    a 
*ob  o**andaoffe.giveaoft.oin.    o>>o"andaoft.  aoft.oin.    o>»oBandaoft.oin.  aoft.oin. 
o  30  ao  19     4  ai       ai      o  24  7—6 

Ohangein3oB                  8  Qhangefor  lain.  i     o  —.^ 

Change  in  a4"                 4  Ohangefor  7in.       7  Oorr.  for  o>>  a4B  )    ^     , 

=  tl  =  |                       —                                andaoft.7in.     /"     ' 

5)3»  ")7     o 

—  6  +07 

Time  of  H.W.»  Weatoa-fluper-Mare  7^  39"^  a.)c.     Ht  of  tide,  Weston-super-Mare  39  ft  a  In. 
Time  of  sounding  7  15  Half  spring  range  iS     7 

Time  from  high  water  o  a4  Half  range  per  day  ao     7 

30  IS 

a  36  a47  inches. 
60 

—  *Oorrection                               +  aoft.ain. 

a)  156  Spring  range,  chart                      a3     o 

78*  Oorrection  to  low  water  43     a 

Sounding  6^  frtboms,  or  39     o 

4     a 
*  Oouree  78°  and  distance  147  give  dep.  341*6  =:  ao  ft.  a  in. 

Water  betow  (he  MundiBg ;  or,  ttie  dhip  h  irand  to  be  4  fbet  a  inoheB  dry  at  tow  wat«. 
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0a81  n. 
When  the  given  place  is  not  a  Standard  Port  for  Beferenoe,  but  is  given 
in  the  Table  of  Tidal  Ck)nstants,  proceed  as  foUows : — 

BTTLE  LXXXVJLL. 

i\  Find  ihegivenplaee  in  the  <<  Table  of  Tidal  Oonstante  "  (Admiralty  Tide 
Tables,  pages  104-108),  and  noU  the  Standard  Part  for  JReferenee;  aba  take  out 
the  Cenetantsfar  Time  and  Height. 

2^.  By  the  mual  method  of  finding  the  time  of  high  water  at  a  given  plaee  hg 
means  of  the  Standard  Port  for  Beference,  and  the  Time  Constants,  ^ni  the 
iime  of  high  water  nearest  to  the  time  of  eounding^  as  given  in  the  qneetion. 
Take  the  difference  between  thie  time  of  high  water  and  the  given  time  of  sounding. 

f.  To  find  the  Balf  mean  Spring  Range.— 5m^  in  the  htter 
part  of  the  Tide  Table  (pages  191-234) /or  the  given  plaee;  taie  out  from  the 
middle  column  the  mean  spring  range,  divide  this  hg  2,  the  quotient  ie  the  half 
spring  range  of  the  plaee  where  the  east  was  taken. 

Then  proceed  as  in  Oase  I. 

Ex.  I.  1885,  December  8th,  at  3^  55^  p.m^  being  off  Gape  Grisnes,  took  a  oast  of  the 
lead :  reqaired  the  correction  to  be  applied  before  comparing  with  soundings. 

Here  the  Port  for  Beferenoe  is  DoTer,  and  the  Tidal  Constant  is  -f  o^^  15B  (page  108, 

AimiraUff  Tide  TabUi) .    The  a.m.  tide  at  Dover  (page  9 1 ,  Tide  Tablet)  is  marked (blank), 

and  the  p.m.  tide  is  o^  5"^  p.m.,  to  which  the  Tidal  Constant,  o^  15%  being  added  giyes  o^  ao* 
as  the  P.M .  time  of  high  water  at  Cape  Grisnez.  Opposite  the  p.m.  tide  at  Doyer,  under 
Height,  in  AdmraUy  Tide  TMet^  is  17  ft.  10  in.,  whioh  is  the  height  of  high  water  for  that 
tide»  to  whioh  add  the  Constant  for  height;  the  result  is  the  height  of  high  water  at  Cape 
Ghrisnea,  from  whioh  subtract  the  half  mean  spring  range  for  Cape  Grisnes  (see  page  aod, 
AAmredly  Tide  Teblee) ;  the  result  is  the  height  above  half  tide.  Now  enter  Table  B  (page 
98  of  Tide  TaNee)  with  Time  from  High  Water  along  the  top,  and  height  above  half  tide  at 
the  aide,  and  we  obtain  2  ft.  9  ins.  to  be  eubtracted  from  the  sounding  shown  by  the  lead. 

The  work  of  the  above  example  appears  as  below  :— 

From  page  108,      )  Time  Constant     4-  o^  15™ 
Admnaig  Tide  Tahlee.  ]  Height  Constant  +  >  ft*  4  ins. 
Fort  for  Beferenoe— Dovnu 

Time  of  high  water,  Dover,  December  8th o^  5"  p jc. 

Constant        +015 

Time  of  high  water,  Cape  Ghrisnea,  Dec  8th  •  •  Ko  A  jl,  and      o  ao  p.m. 

ft  in. 
Time  of  sounding  %^SS^  Height  of  H.W.,  Dover,  by  Tables,  Deo.  8th  17  10 
Time  H.W.9  Ghrisnei  o  ao  Height  Constant  for  Giisnea       +  »    4 

Time  from  H.W.         3  35  Height  high  water  GMsnes ao    a 

Subtract  3    o  Half  mean  spring  range  (p.  ao6,jnhEi;fIU2fff)n«M.  10    9 

o  35  Height  above  half  tide 95 

^—  la 

»)J5  — . 

—  113  ins. 

Ooir.  17)®,  and  height  above  half  tide  (9  ft.  5  in.  =)  113  as  distance,  gives  dep  34  in.  =: 
a  ft.  10  in.,  the  correction;  iubtreet  3^  from  half  spring  range,  beoause  tins  from  high 
watsr  more  than  s^ 


Digiti: 


zed  by  Google 


3i^  Sotm^nyl. 


Otherwise^  nsiiig Table  B:— 

Half  epring  range  lo  ft.  9  in. 
*  By  Table  B :  9  ft.  5  in.  at  3^  35^  from  High  water       a      9  §M. 

Ooneotion  to  be  applied  to  Boonding  8      o 

*3^36»and9ft.    aft.4in.          3^30"aiid9ft.    aft.4in.  3^30"(and^ft.    ah.4{n. 

40           946               3301027  05           5in-+      4 

Diff.  for  30"       a      a                                       03  

5  Correction          a      9 


+  0    4 


In  the  examples  above  we  have  always  had  a  Oonstaoit  for  time  and  a 
Constant  for  height  given,  but  an  examination  of  the  Table  of  Tidal  OoiibtaBts 
will  show  that  for  some  places  only  a  oonstant  for  time  is  given. 

BULELXXXVni. 

To  find  the  Constant  for  height  proceed  as  follows :— TWni  to  ike 
Tide  Tables  (pages  191-234)  and  take  out  the  mean  epring  ranges  for  both  plaeee^ 
and  take  the  difference  between  the  epring  rangee  at  the  given  port  Md  at  the  Port 
for  Beference;  this  is  the  Oonstant  for  height.  Mark  th$e  Constant  +  (add) 
if  the  range  at  theplaee  required  is  greater  than  at  the  Port  for  BeferenoCi  aeid 
—  (sabtraot)  if  the  range  at  theplaee  required  te  less. 

Ez.  I.  1S85,  April  i6tli,  8*»  ao"  jlm,,  being  off  Litiidy  Island  by  reckoo1n|f,  took  a  ctet 
of  tbe  lead :  required  tbe  oorreotion  to  be  applied  to  the  depth  obtained  by  the  lead-liiia 
before  oomparing  it  with  the  depth  marked  on  the  ohart. 

Here  the  Standard  Port  for  Beferenoe  is  WisroN-suPBa-lf  abb,  and  the  Time  Constant 
is  —  ih  39m  (page  105,  JUhmteUy  Tiie  IkbUt).  The  a-m.  tide  at  Weston-super-Mare  is 
7h  a5«  A.M.  (page  31,  AdnUreHy  Tide  TMlee),  from  whioh  the  Time  Constant,  i^  39B,  being 
sMraded  giyes  time  of  high  water  at  Lnndy  5^  ^6^  jlm,,  and  the  difference  between  this 
time  and  8^  ao»  A.M.,  the  time  of  sounding,  gives  time  from  high  water.  Tojlnd  the  height 
Constant  we  prooeed  as  follows :— Look  in  the  AimiraHg  Tide  TeNsi,  and  at  page  233  we 
find  the  mean  spring  range  at  Weston-super-Mare  is  37  ft.  o  in.,  and  at  page  313  of  the 
same  tables  we  find  the  mean  spring  range  at  Bnndy  to  be  a7  ft.  o  in. ;  the  differenoe  of 
these  is  10  ft  o  in.,  and  most  be  marked  —  (subt.),  beoause  the  spring  Matgeat'Londy  is 
less  than  the  spring  range  at  Weston-super-Mare.  Opposite  the  a.m.  tide  at  Weston-super- 
Mare,  and  in  the  adjoining  column,  under  height,  in  A^bniraUg  Tids  TabUi,  is  38  ft.  11  in., 
which  is  height  of  high  water  for  that  tide,  from  which  sabtraot  the  Oonstant  for  height 
(«  10  ft.  o  in.) ;  the  result  (a8  f  t  1 1  in.)  is  the  height  of  high  water  at  Lundy ;  from  this 
last  eMraei  the  half  mean  spring  range  at  Lundy  (see  AdmiirtMg  Tide  2faM«f)  =:  (37  ft.  o  in. 
-7-  a)  =  13  ft.  6  in. ;  the  result,  vis.,  15  ft.  4  in.,  is  height  above  half  tide.  Enter  Table  B, 
page  98  of  Tide  TMee^  with  the  Time  from  High  Water,  a>>  34»,  at  the  top  of  the  oolumn, 
and  1$  ft.  4  in.,  the  h^ht  above  half  tide  at  the  side,  we  obtain  3  ft.  5  in.  to  be  added  (time 
from  high  water  being  Uu  than  3  hours)  to  the  half  mean  spring  range;  the  result  is 
16  ft.  1 1  in.,  and  is  the  eorree^im  to  be  euhtireffUd  firom  the  sounding.  The  wofk  Will  AtiUid 
as  follows:— 
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ScmuUn^i 


«• 


3" 


Time  H.W.  Weoton-Buper-Mare,  \  ..h  ,  ,« *  w 

April  i6tli j7«'»5'»AJf. 

OonsUnt 


I  39 


Time  H.W.  Lmidy,  Apiil  i6th 
Time  of  eoandiag 

Time  from  bigh  water 
8«btfact  from 


I 


46    A.M. 
30    A.M. 


To  find  OoDStant  for  Height.        ft.  in. 
Weston-super-Mare,  spring  range,  \ 

Admiralty  Tid$  ToNm,  page  133  f  *' 
Lnndy  Island,  spring  range,  p.  113    37    o 

Constant  for  height  —  zo    o 


a  34 
3    o 

i}»6 


Oorr.  13%  and  dist.  185,  Table  II,  giyea 
dep  41'  ^  3  ft.  6  in.  to  be  M^ctef  to  half  mean 
range,  because  time  from  high  water  is  less 
than  3  hours. 


Spring  range  at  Lundy  Island,  7\(b  ) 
2fa&2fff,  page  ai3       j    ' 

Half  spring  range  13    6 

Hdght  of  tide,  Weston-super-Maro. )  ^o  . , 

April  i6th        P*" 

OonstanJt  for  Lundy  ^  10    o 


Heigiht  at  Lundy 
Half  spring  range 

Height  aboTo  half  tide 


Half  spring  range  at  Lundy 
•  Table  B:  a^  34^ and  15  ft.  i 


5in. 


13  ft.  6  in* 
3      6  iM. 


a8  It 

>5    5 
za 

185  in. 


Oorreotion  to  be  appUed  to  sounding 

*  2h  3o»  and  15  ft.  give  3  ft.  1 1  in. 
30  00 


a^3oBandi5ft.  3ftizin. 
„  z6      4       a 


17       o 

a^3oBandz5ft.  3  ft.  ziin. 
o    4  — o       6 


Change  for  30" 


3 
za 


Change  for  za  in. -f 
Ohange.£or5in.  + 


Corr.  lor  5  in. 

Cerrfi»a>»34"l 
and  15  ft  5  in. )  - 


'+ 


30    :    4    ::    47    47 

4 

30)188 
Change  for  4"  =  —  6 

0a8i  m. 

When  the  given  place  ia  not  a  Standard  Fort  for  Beference,  and  both 
Oongtants  with  respect  to  such  are  not  given. 

BXTLE  LXXXTX. 

1^  To  find  the  Constant  for  Time.— iS^^  oki  thai  one  of  the 
Siandari  Port$/or  Be/frenee  which  is  n$ar$%i  ths  ^rmn  plaee.  Nsxt^  iakA  oui  the 
Tim  of  m^  WiOor,  FM  and  Change,  for  the  Standard  Port  wtdfor  the  given 
place  (AinUraUy  Tide  TahUi^  pag$s  131-234^  and  take  their  difference,  which 
mark  +  (add)  if  the  Full  and  Change  at  the  given  place  ie  greater,  hii  — 
(subt.)  ifUisle&e  than  the  Standard  Port. 

2^  To  find  the  Constant  for  Height.— iVo^^  ac  directed  in  Bnle 
LXXXYm,  page  310. 

3^  Nextf  Sy  the  ueual  method  find  the  time  of  high  water  nearest  to  the 
iiwu  of  eounding^  ao  given  in  the  question,  and  proceed  as  in  Gaae  II9  Bnles 
LXXXYn  and  LXXa  Vlll. 

EXAMFTiE. 
Ex.  I.    z885«  November  and,  at  a^^  15^  jlm.,  mean  time  at  ship,  off  He  da  Bas»  took  a 
cast  of  the  lead :  required  the  oorreotion  to  be  applied  to  the  depth  obtained  b^  lead-line 
\fefore  oompaiing  it  with  deoth  inarked  on  the  cha^, 
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Here  the  Standard  Port  for  Beference  ia  Bbbst,  and  both  Conatanta  for  time  and  height 
mnat  be  found. 

At  page  196,  AdmiraUf  Tid$  Ihiki,  we  find  time  of  high  water,  foil  and  changOi  at  Breat 
to  be  3^  47",  and  spring  range  19  ft.  o  io. ;  agaioi  at  page  194  of  same  tables,  the  time  of 
high  water,  fnll  and  change,  at  He  de  Bas  is  fonnd  to  be  4^  49»,  and  spring  range  33  ft.  o  in. ; 
we  next  take  difference  of  times  of  fall  and  change,  which  is  i^  2">,  which  we  mark  -f-» 
because  fall  and  change.  He  de  Bas,  exceeds  that  at  Brest  The  difference  of  the  spring 
ranges  is  3  ft.  o  in.,  and  is  marked  -|-,  because  the  spring  range  at  the  giyen  place  is  ^eaUr 
than  that  at  Brest.    The  remaining  part  of  the  work  as  Oaae  II. 

Brest,  time  H.W.|  full  and  change    3*^47"^  I^S^  i9^>  Spring  range    19  ft  o  in. 

He  de  Bas,    „  „  4  49       ,.    «94-  »>  a3      © 

Oonatant                                     +  '    >                               Constant  -f  4     o 
Half  mean  spring  range.  He  de  Bas,  :=  (23  ft.  o  in.  -^  a)  =  11  ft.  6  in. 

Time  H.W.,  Brest,  Not.  ist        ii1>38*p.m.       Height  of  H.W.  at  Brest  15ft.  i  in« 

Constant                                  +  '    >               Constant  -f  4     o 

Time  H.W.,  He  de  BaF,  Not.  and  o  30  a.m.      Height  at  H.W.,  He  de  Bas         19     z 
Time  of  sounding  a  15   a.m.       Half  spring  range  wbi,  11     6 

Time>^MiH.W.  i  45  Height  aboye  half  tide  7     7 

Subtract  from  30  za 

1  15  9zmoh6B. 

60 

a)75 

37*' 
Course  37}^  and  distance  91  gives  departure  55*4  as  4  ft.  7  in.  to  add  to  half  spring  range, 
because  time  fkom  high  water  is  l$9t  than  3  hours. 

Half  mean  spring  range  1 1  ft  6  in. 

Correction  (found  as  Aoyb)  -f-  4     7 

Correotion  for  sounding  z6     i 
Otherwise^  using  Table  B  :— 

Half  mean  spring  range  1 1  ft.  6  in. 

Table  B  i^  i5»  and  7  ft  7  in.  4-4      7 

Correotion  for  soundings  16      i 

i*»30**and7ft.4ft.ziin.  Corr.fori^3o*and7ft=4ftziin.  Corr.i>>30Band7ft4ftiiin. 

a    o         73       6  Corr.forz  30         8         3       8  Corr.o  15  — ^       9 

— ^  — —  Corr.  for  7  in.    -{*  ^       5 

Chaage3o»— I       5  Change  for  i a  in.  o       9  — ^— 

m.         *       .  .   Corr.ib45«and7'7'4       7  + 

Changei5"— o       9        Change  for  7  in.         4*  ^       5 

FiTAlfFT.KW  FOB  PBAOnOl. 

I.    1885,  June  16th,  at  5^  3a»  a.m.,  mean  time  at  ship,  off  Brest,  took  a  oast  of  the  lead. 

a.    1885,  June9th,  at  7i>i8Bp.M.,  mean  timeat  ship,  off  Portsmouth,  tookacastofthelead. 

3.  Z885,  June  19th,  at  61"  38"  a.m.,  mean  time  at  ship,  off  Harwich,  took  a  oast  of  the  lead. 

4.  i885,Octa3rd,at  iii>i8»p.M.,meantimeat  ship,  off  Sunderland, took  a  cast  of  the  lead. 

5.  1 885,  June  5th,  at  s^  a"  a.m.,  mean  time  at  ship,  off  Beaumaris,  took  a  oast  of  the  lead. 

6.  1 885,  June  ist,  at  jf"  33"  p.m.,  mean  time  at  ship,  off  Lamlash,  took  a  cast  of  the  lead. 

7.  1885,  June  5th,  at  7^  27>b  p.m.,  mean  time  at  ship,  off  Scarbro',  took  a  cast  of  the  lead. 

8.  1 885,  August  I  ith,  0^  50-  P.M.,  mean  time  at  ship,  off  Lerwick,  took  a  cast  of  the  lead. 

9.  z  885,  June  aoth,  at  3^  33^  p  jf .,  mean  time  at  ship,  off  Coleraine,  took  a  cast  of  the  lead. 
(NoTB.— Look  in  page  200  and  213  of  Admiralty  Tid$  TabUa  for  the  time  of  H.W,  at 

Oolendne,  fall  and  change,  and  spiing  rise}. 
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MAGNETISM. 


MAGNETIC  ATTRACTION  AND  EBPUL8I0N. 

£14.  Magnetism.— Magnetism  is  that  branoh  of  physioal  sienoe 
which  treats  of  the  nature  and  properties  of  magnets  and  of  their  action  on 
each  other.  The  term  magnetism  is  also  used  to  designate  the  foroe  which 
produces  the  effects  called  magnetic. 

£15.  Natural  Magnets,*  or  XiOdestones.— Natural  magneto, 
or  lodestones,  are  exceedingly  rare,  although  a  closely  allied  ore  of  iron, 
capable  of  being  strongly  acted  upon  by  magnetic  forces,  and  hence  called 
magnetic  iron  ore  (known  to  mineralists  as  maffnetite)^  is  found  in  large 
quantities  in  Sweden,  Norway,  Spain,  Arkansas,  the  Isle  of  Elba,  and  else- 
where. This  mineral — the  lodestone  of  the  ancients — is  composed  of  the 
peroxide  and  the  protoxide  of  iron  in  combination  with  a  small  quantify  of 
earthy  substance  having  the  chemical  composition  Fe,  O^,.  It  is  a  dark  gray 
colour,  and  the  fresh  fracture  possesses  a  metallic  lustre.  It  frequently  oc- 
curs in  crystals,  the  usual  form  being  the  octrahedron. 

£16.  Artificial  MagnetSb— When  a  pieoe  of  steel,  which  has  been 
properly  hardened  and  tempered,  is  rubM  with  a  piece  of  lod$€ton$i  et  by 
any  other  magnet,  or  when  a  current  of  electricity  is  passed  round  it  by 
means  of  a  coil  of  insulated  wire,  it  becomes  a  more  or  less  powerful  magnet  i 
suoh  a  magnet  is  termed  an  artifieial  magnet. 

Artificial  magnets  are  permanent  or  temporary  as  they  retain  their 
magnetism  or  not,  after  being  remored  firom  the  souree  by  which  they 
acquired  it. 

The  most  usual  form  of  artificial  magnets  is  that  of  a  bar  or  horse-shoe. 
When  single  they  are  termed  simple  magnets,  when  consisting  of  several 
joined  together,  so  that  their  similar  poles  are  adjacent,  they  are  termed 
compound  magnets :  the  latter  are  sometimes  designated  iliagnetic  bat* 
teries. 

A  magnetic  battery  is,  therefore,  simply  a  bundle  of  magnets  with  their 
similar  ends  placed  together. 

A  Bar  Magnet  is  simply  a  bar  of  o&st  iron  or  steel  properly  hardened, 
tempered,  and  magetised. 

The  needle  or  bar  of  steel  in  the  Mariner's  Compass  is  an  artificial  magnet. 

•  The  term  Magnet  {Ifoffnit  Lupk)  traa  given  Vy  tee  aneiMis  1^  eartaW  bUok  stMSi 
found  in  Tariona  parts  of  the  world,  notably  at  Magnesia  in  Aaia  Minor,  which  possessed 
the  property  of  attracting  small  pieces  of  iron  and  steel.  This  magic  property  as  they 
deemed  it,  made  thA  ma^et  stone  fimoos ;  bat  it  was  not  until  the  tenth  or  tweliUi  oentnxy 
that  suoh  atones  were  discoyexed  to  have  the  still  more  remarkable  property  of  pointing 
north  and  aonth  when  haog  op  by  a  thread.  Thia  property  waa  turned  to  advantage  in 
navigation.  Ita  yarioua  names  are  interesting.  In  Fliny'a  time  it  was  called  fprrum  vmm^ 
quick  iron;  the  Chineae  know  it  aa  UhU'Chjf,  the  directing  atone;  and  aimilarly  in  the 
Swediah  it  ia  tegti-ttm^  the  aeeing  atone;  in  lalandio,  UethnUmf  the  leading  atone;  and  in 
SngUah  the  lod$tian$  (from  Sax.  to  lead). 
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217m  Poles  and  Neutral  Xilne.— The  property  of  attracting  iron 
is  very  unequally  manifested  at  different  points  of  the  surface  of  a  magnet. 

If,  for  example,  an  ordinary  bar-magnet  be  plunged  in  iron  filings  these 
become  arranged  round  the  ends  of  the  bar  in  feathery  tufts  which  decrease 
Fig.  63.  towards  the  middle,  which  is  bare,  as  in 

the  lower  diagram.  Fig.  63.  If  the  magnet 
is  very  thick  in  proportion  to  its  length 
we  may  have  filings  adhereing  to  all  parts 
of  it,  but  the  quantity  diminishes  rapidly 
towards  the  middle,  as  in  the  upper  dia- 
gram, Fig.  63.  The  nsmepolM  is  used  in 
a  somewhat  loose  sense  to  denote  the  two 
terminal  portions  of  a  magnet,  or  to  denote 
two  points,  not  very  accurately  defined,  situated  in  these  portions,  and  where 
the  attraction  is  greatest.  The  middle  portion,  where  there  is  no  visible 
magnetic  force,  and  to  which  the  filings  refuse  to  adhere,  is  called  the 
neutral  line. 

£18.  Axis  and  Equator.— The  shortest  line  joining  the  two  poles 
is  called  the  axu  of  the  magnet :  in  a  horse-shoe  magnet  the  axis  is  in  the 
direction  of  the  keeper.  The  plane  at  right-angles  to  the  axis  and  passing 
through  the  neutral  line  is  called  the  equator  of  the  magnet. 

£19.  CrOnsequent  Poles.— Every  magnet,  whether  natural  or  arti- 
ficial, has  two  poles  and  a  neutral  line ;  sometimes,  however,  in  magnetising 
bars  and  needles  poles  are  produced  lying  between  the  extreme  points. 
These  intermediate  points  are  called  consequent  poles. 

ZlZOm  Magnetic  Needle. — Any  magnet  fireely  suspended  near  its 
pentre  of  gravity  is  usually  called  a  magnetic  needle.    One  of  its  moat  usual 


Jig.  64. 


graphical  (or  true)  north  or  south, 
are  constructed. 


forms  is  that  of  a  very  elongated  rhombus 
of  thin  steel,  having  very  near  its  centre 
a  concavity  or  eup^  by  means  of  which  it 
can  be  balanced  on  a  point.  When  it  is 
thus  balanced  horizontally  it  does  not, 
like  an  ordinary  piece  of  matter,  remain 
in  equilibrium  in  all  azimuths,*  but  as- 
sumes one  particular  direction,  to  which 
it  always  comes  back  after  displacement 
In  this  position  of  stable  equilibrium  one 
of  its  ends  points  to  magnetic  north  and 
the  other  to  magnetic  south,  which  differ 
in  general  by  several  degrees  from  geo- 
This  is  the  principle  on  which  compasses 


*  All  lines  in  the  lame  vertical  plane  are  said  to  have  the  same  azimuth.  Asimntfaal 
angles  are  angles  between  vertical  planes,  or  between  horizontal  lines.  The  azimnth  of  a 
line,  when  stated  nnmerically,  is  the  angle  which  the  Tertioal  plane  containing  it  makes 
with  a  vertical  plane  of  reference,  and  this  latter  is  osnally  the  plane  of  the  meridian. 
Some  roBuiers  may  he  glad  to  he  reminded  that  by  the  plane  of  the  meridian  is  meant  a 
▼ertioU  plane  passing  through  the  plaoe  of  observation,  and  through  or  parallel  to  the 
earth's  axis.    A  horizontal  line  in  this  plane  is  a  meiidian  line. 
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££1.  Mutual  Action  of  Poles.— The  two  poles  of  a  magnet 
appear  identical  when  they  are  brought  in  contact  with  iron  filings,  but  this 
indentity  is  only  apparent. 

On  presenting  one  end  of  a  magnet  to  one  end  of  a  needle  thus  balanced 
we  obtain  either  repulsion  or  attraction,  according  as  the  pole  which  is 
Fig.  ^s.  presented  is  similar  or  dissimilar  to  that  to 

which  it  is  presented.  For  when  a  small 
magnetic  needle  ah  (Eig.  69)  is  suspended 
by  a  fine  thread  and  the  north  pole,  A,  of 
another  needle  is  brought  near  its  north  pole, 
a,  a  repulsion  takes  place.  If,  on  the  con- 
trary, A  is  brought  near  the  south  pole,  &, 
of  ^e  movable  needle  the  latter  is  strongly 
attracted.  Hence,  these  two  poles,  a  and  &, 
are  not  identical,  for  one  is  repelled  and  the 
other  attracted  by  the  same  pole  of  the 
magnet  A.  It  may  be  shown  in  the  same 
manner  that  the  two  poles  of  the  latter  are 
also  different  by  successively  presenting  them 
to  the  pole,  a,  of  the  movable  needle.  In 
one  case  there  is  repulsion,  in  the  other  attraction. 

Hence  the  following  law  may  be  enunciated : — 

PoU$  of  contrary  nam$9  attract  on$  another^  and  polei  of  the  same  nams 
repel  on$  another. 

But  further,  the  forces  exerted  by  the  two  poles  of  the  same  magnet  are 
equal  as  well  as  opposite.  This  may  be  shown  by  bending  a  magnet  so  as  to 
bring  the  opposite  poles  nearly  into  contact.  The  action  of  the  two  poles 
upon  a  distant  point  will  be  found  to  neutralise  one  another. 

The  opposite  actions  of  the  north  and  south  poles  may  be  shown  by  the 
following  experiment : — A  piece  of  iron,  a  key  for  example,  is  supported  by 
a  magnetised  bar.    A  second  magnetised  bar  of  the  same  dimensions  is  then 


Fig.  66.— Showing  the  mnfcaal  action  of  two  di«-similar  poles  in  lonening  the  Poetatxtx  and 
ATnucTXTX  powers  of  magnets. 

moved  along  the  first  so  that  their  poles  are  contrary.  The  key  remains 
suspended  so  long  as  the  two  poles  are  at  some  distance,  but  when  they  are 
sufficiently  near  the  key  drops,  just  as  if  the  bar  which  supported  it  had  lost 
its  magnetism.  This,  however,  is  not  the  case,  for  the  key  would  be  again 
supported  if  the  first  magnet  were  presented  to  it  after  the  removal  of  the 
second  bar.    The  attraction  which  a  magnet  exerts  upon  iron  is  reciprocal, 
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'whkk  is,  indeed,  a  ^neral  principle  of  all  attractions.  It  is  easily  yerified 
by  presenting  a  mass  of  iron  to  a  movable  magnet  when  the  latter  is 
attracted. 

£££■  Magnetic  Porce. — The  force  with  which  a  magnet  attracts 
or  repels  another  magnet,  or  any  piece  of  iron  or  steel,  is  called  moffneiie 
farc$.  The  Ibrce  exerted  by  a  magnet  upon  a  piece  of  iron  or  on  another 
magnet  is  not  the  same  at  all  distances,  the  force  being  greater  when  the 
magnet  is  nearer,  and  less  when  the  magnet  is  further  off.  In  fact  the 
attraction  due  to  a  magnet  pole  £alls  off  inyersely  as  the  square  of  the  distance 
from  the  pole. 

Wheneyer  a  force  acts  thus  between  two  bodies  it  acts  on  both  of  them, 
tending  to  move  both.  A  magnet  will  attract  a  piece  of  iron,  and  a  piece  of 
iron  will  attract  a  magnet.  This  may  be  shown  by  fixing  a  magnet  upon  a 
piece  of  cork  and  floating  it  on  a  basin  of  water,  it  will  be  found  to  move 
across  the  basin  when  a  piece  of  iron  is  held  near.  A  compass  needle  thus 
floated  turns  round  and  points  north ;  but  it  does  not  rush  towards  the  north 
as  a  whole,  nor  towards  the  south.  The  reason  of  this  will  be  explained 
later.    The  action  and  reaction  are  then  equal  for  magnetic  forces. 

£23>    Attraction  acrotB  bodieSft—Magnetic  attraction  and  repulr 
Yig.6^.  ^^^    ^^^    exerted   without   modification 

^^  through  any  body  which  may  be  inter- 

idd     ^___^<£r=^>v  posed,  provided  it  be  not  magnetic.    Thus, 

Bt=====^6|^  a  small  cylinder  of  soft  iron  is  readily  at- 

^^ML  ^^^^^^^\5=i.      tracted  by  a  magnet  through  a  plate  of 

^^  glass  or  piece  of  wood  (Fig.  67) ;    and 


i|J==*^C 


^g-  6S.  similarly,  of  course,  the  magnetic  needle 

may  be  attracted  (Fig.  68).  A  magnet 
sealed  up  in  a  glass  tube  still  acts  as  a 
magnet.  A  magnet  put  into  a  brass  yase 
has  been  found  to  attract  iron  filings 
through  the  brass.  Across  water,  vacuum,  and  all  known  substances,  the 
magnetic  forces  will  act,  with  the  single  exception,  however,  that  magnetic 
force  will  not  act  across  a  seresn  of  iron  or  other  magnetic  material.  If  a 
small  magnet  is  suspended  inside  a  hollow  ball  made  of  iron,  no  outside 
magnet  will  affect  it.  A  hollow  shell  of  iron  will,  therefore,  act  as  a  magnetic 
€090  and  screen  the  space  inside  it  firom  magnetic  influence. 

224.  Names  of  Poles*— There  would,  therefore,  appear  to  be  two 
opposite  kinds  of  magnetic  poles,  which  attract  and  repel  one  another  in  very 
much  the  same  way  as  the  two  opposite  kinds  of  electricity  do ;  and  one  of 
these  kinds  of  magnetism  appears  to  have  a  tendency  to  move  toward  the 
north  and  the  other  to  move  toward  the  south.  Begarding  the  earth,  in  a 
broad  sense,  as  a  magnet,  having  one  pole  in  the  northern  and  the  other  in 
the  southern  hemisphere,  and  since  poles  which  aUroet  one  another  are 
dimmikurf  it  follows  that  the  magnetic  pole  of  the  earth  which  is  situated  in 
the  northern  hemisphere  is  dimmikr  to  that  end  of  a  magnetised  needle 
which  points  to  the  north.  Hence  great  confusion  of  nomenclature  has  arisen, 
the  usage  of  the  best  writers  being  opposite  to  that  which  generally  prevails. 
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Popular  usage  in  thia  oomitry,  however,  calls  the  end  or  pole  which  points 
to  tbe  north  the  north  pohj  and  that  which  points  to  the  south  the  iouth  pole; 
and  it  is  usual  for  makers  of  magnets  to  mark  the  north-seeking  pole  with  a 
letter  N.  It  is,  therefore,  called  the  <<  marked  "  pole  to  distinguish  it  from 
the  south-pointing  or  unmarked  pole.*  It  is  desirable  to  adopt  the  nomeu- 
dature  of  Sir  B.  G.  Aibt,  and  call  that  pole  of  a  magnet  or  compass  needle 
which  would,  if  the  magnet  were  suspended,  tend  to  turn  to  the  north,  or  the 
"north-seeking"  pole,  the  red  pole,  and  the  other,  or  the  ''south-seeking" 
polo,  the  blue  pole. 

&25>  Magnetic  Znductioiut — When  a  piece  of  iron  is  in  contact 
with  a  magnet,  or  even  when  a  magnet  is  simply  brought  near  it,  it  becomes 
itself,  for  the  time,  a  magnet  with  two  poles  and  a  neutral  portion  between 
them.  Thus,  if  the  north  pole  of  a  magnet  be  brought  near  to  the  end  of  a 
small  bar  of  iron,  that  end  becomes  a  south  pole,  while  the  remote  end  of  the 
bar  becomes  a  north  pole.  The  opposite  effect  will  take  place  when  the 
south  pole  of  the  magnet  is  presented.  And,  in  general,  the  magnetism 
induced  in  the  bar  is  such  that' a  contrary  pole  is  developed  at  the  end  next 
the  inducing  pole  of  the  magnet,  and  a  similar  pole  at  the  remote  end. 
These  facts  may  be  shown  by  means  of  the  compass  needle.  The  end  of  the 
1>ar  remote  from  the  acting  pole  attracts  one  of  the  poles  of  the  needle  and 
repels  the  other  in  a  manner  precisely  similar  to  the  acting  pole  itself.  The 
magnetism  developed  in  the  end  of  the  bar  next  the  acting  pole  is  not  so 
easily  manifested,  for  the  magnetic  needle  placed  near  that  end  will  be  acted 
on  directly  by  the  pole  of  the  magnet  itself,  as  well  as  by  the  induced  pole  of 
the  iron  bar,  and  ^e  result  will  be  complicated  by  the  joint  action. 

*  There  is  aome  confusion  in  writers  on  the  snbject  on  this  point.  The  cause  of  the 
oonfusion  is  tiiis : — ^If  the  north-poinling  pole  of  a  needle  is  atiraeted  by  magQetism  residing 
neaf  the  north  pole  of  the  earth,  the  law  of  attraction  (that  unlike  polee  attract)  shows  us 
tliat  these  two  poles  are  really  magnetically  of  opposite  kinds.  If  we  call  that  north  mag- 
netism which  is  at  the  north  pole  of  the  earth  we  must  say  that  the  north-seeking  end  of 
the  needle  contains  south  magnetinm.  And  if  we  call  that  north  magnetism  which  points 
to  the  north  then  we  must  suppose  the  magnetic  pole  at  the  north  pole  of  the  earth  to  have 
south  magnetism  in  it.  In  either  case  then  there  is  a  difficulty.  Sir  W.  Thokson  calls 
the  north  seeking  pole  a  *<true  south"  pole  and  the  other  the  north  pole,  because  the  former 
is  similar  to  the  south  and  the  latter  to  the  north  pole  of  the  earth.  In  like  manner  most 
French  writers  call  the  north  seeking  pole  of  a  needle  the  austral  and  the  other  the  borwl 
pole.  Fabaday,  to  avoid  the  ambiguity  which  has  attached  itself  to  the  names  north  and 
south  pole,  calls  the  north-seeking  end  the  marked  and  the  other  the  unmarked  pole. 
Sir  G.  Ai&T,  for  a  similar  reason,  employs  in  his  TrMtise  en  Magnetitm  the  distinctive  names 
red  and  blue^  to  denote  respectively  the  north-seeking  and  south-seeking  ends;  these  names, 
as  well  as  those  employed  by  Faradat,  being  purely  conventional,  and  founded  on  the 
eustom-of  marking  the  north-seeking  end  of  a  magnet  with  a  transverse  notch  or  a  spot  of 
red  paint.  For  experimental  purposes  it  is  usual  to  paint  the  two  ends  of  a  magnet  of 
different  colours,  the  north-seenng  end  being  coloured  red,  and  the  south-seeking  end  blue; 
but  here  again,  strangely  enough,  authorities  differ,  for  in  the  collection  of  apparatus  at 
the  Boyal  Institution  and  Boyal  School  of  Mines  the  colours  are  in  exactly  the  opposite 
way  to  this,  which,  as  just  stated,  is  due  to  Sir  G.  Aibt.  Maxwbll  and  Jbnkin,  in  a  report 
to  the  British  Association,  call  the  south-seeking  pole  of  a  needle  peeitive  and  the  north- 
seeking  pole  negative. 

t  AiBY  in  his  **  Idealise  en  I^agnetigm**  defines  soft  iron  as  *' Either  malleable  iron  which 
has  not  been  subjected  to  any  violence  when  cold  or  oast  iron."  In  the  Admiralty  Manual 
it  is  thus  defined :«-"  Soft  iron  is  iron  which  becomes  instantaneously  magnetised  by 
induction  when  exposed  to  any  magnetic  force,  but  which  has  no  power  of  retuning  mag- 
netism, and  it  has,  therefore,  no  independent  magnetism ;  all  its  magnetism  is  transient 
indoood  magnetism/* 
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The  iron  bar,  thus  rendered  magnetic,  exhibits  all  the  other  properties  of 
a  magnet.  It  attracts  iron,  the  attractive  force  increasing  from  the  centre  to 
the  two  poles.  If  we  scatter  filings  over  the  iron  they  will  adhere  to  its 
ends,  as  shown  in  Fig.  69,  as  in  the  case  of  the  original  magnet,  the  effect 
being  only  complicated  by  the  action  of  the  inducing  pole.  If  we  take  away 
the  influencing  magnet  the  filings  will  fall  off,  and  the  iron  will  retain  either 
no  traces  at  all,  or  only  very  faint  ones  of  its  magnetisation. 


Fiflf.  69.-*Showing  ICAommo  Ikductiok.    N  S,  North  and  South  Pol«8  of  a  Bar  ICagnet.    m,  Nortti  and 

South  Poles  of  a  piece  of  Soft  Iron  magnetiMd  inductively  (at  a  distance)  hj  the  permanent  bar  magnet. 

The  magmtUed  state  of  the  toft  iron  bar  is  shown  by  the  adhesion  of  the  iron  ftlings. 

But  if  the  magnet  is  turned  end  for  end,  and  the  position  of  the  poles 
changed,  then  the  marked  end  (N.  or  red  role)  of  the  magnet,  will  instantly 
induce  in  the  ends  of  the  soft  iron  poles  of  a  character  opposite  to  those  they 
previously  had,  which  may  be  easily  tested  by  holding  a  suspended  magnetic 
needle  to  the  outermost  ends  of  the  soft  iron,  and  the  experiment  is  an 
illustration  of  the  effect  of  tramieni  induced  magnetiim. 

Again,  if  we  lay  two  magnets  in  a  line  at  a  short  distance  apart,  with 
unUk9  poles  turned  to  one  another,  and  place  a  thin  bar  of  soft  iron  between 
them,  the  latter  becomes  a  temporary  magnet  while  so  situated ;  for  the  end 
next  the  N.  {red)  pole  of  the  magnet  will  become  a  S.  pole,  and  the  end  next 
the  S.  {blue)  pole  of  the  other  magnet  will  become  a  N.  pole :  the  iron  bar 
has  now  become  a  magnet  by  induction. 

But  the  effect  is  only  temporary,  for  if  we  turn  the  iron  bar  gradually 
about  its  centre  it  will  as  gradually  lose  the  magnetism  acquired  by  induc- 
tion ;  when  it  is  at  right  angles  to  the  two  magnets  it  will  be  in  a  neutral 
condition,  and  if  turned  further  it  will  become  magnetised  in  the  opposite  way. 

If  a  soft  iron  bar  be  presented  endways  to  either  pole  of  a  suspended 
magnet  it  will  attract,  though  slightly  that  pole ;  and  it  is  indifferent  which 
end  of  the  iron  bar  is  presented.  In  either  case  the  pole  of  the  magnet 
'induces"  a  pole  of  an  opposite  character  in  the  iron  bar;  and  between 
poles  of  opposite  character,  as  before  stated,  there  is  always  attraction. 

The  power  of  inducing  magnetism  in  iron  diminishes  as  the  distance 
increases.  When  the  inducing  magnet  is  slowly  removed  the  forces  exerted 
by  the  ends  of  the  iron  bar  imdergo  a  corresponding  diminution ;  and  they 
cease  to  exist  altogether  when  the  magnet  is  wholly  withdrawn,  and  the  bar 
returns  to  its  natural  or  neutral  state.  Thus  the  magnetism  induced  in  iron 
is  temporeury  only. 
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The  foregoing  facts  enable  hb  to  aoconnt  for  the  atU'aeiion  of  iron  by  the 
magnet,  and  to  reduce  the  phenomenon  to  the  general  principle  of  the 
attraction  of  opposite,  and  the  repulsion  of  similar,  poles. 

When  the  pole  of  a  magnet  is  brought  near  to  a  mass  of  iron,  the 
immediate  effect,  we  have  seen,  is  to  render  the  latter  a  magnet  by  induction, 
an  opponU  magnetism  being  developed  in  the  part  of  the  mass  which  is 
nearest  to  the  acting  pole,  and  a  eimilar  magnetism  in  the  part  which  is 
most  rmnote.  Now,  as  opposite  poles  attract  one  another,  while  similar  poles 
repel,  attraction  will  ensue  between  the  acting  pole  and  the  nearer  parts  of 
the  iron  mass,  and  repulsion  between  the  same  pole  and  the  remoter  parts ; 
and  the  former  of  these  forces  will  preponderate,  being  exerted  at  a  shorter 
distance.  It  follows  from  this  that  attraction  must  always  result,  whichever 
pole  of  the  magnet  be  presented  to  the  iron. 

Since  the  magnetism  which  has  been  induced  in  a  piece  of  iron  imparts  a 

aimilar  condition  to  a  second  piece  in  its  vicinity,  and  that  to  a  third,  and  so 

on,   it  follows  that  attraction  must  ensue  between  these  several  pieces, 

although  with  diminished  energy,  as  they  are  more  distant  from  the  acting 

pole ;  and  the  first  will  support  a  second,  the  second  a  third,  and 

BO  on,  if  only  the  weights  of  the  successive  peices  be  proportionate 

to  the  diminished  force.    A  magnetic  chain  can  thus  be  formed, 

having  two  poles.     The  following  experiment  illustrates  the 

matter : — Let  a  few  pieces  of  iron  rod,  or  a  few  soft  iron  nails 

be  taken.    If  one  of  these  (see  Fig.  70)  be  placed  in  contact  with 

the  pole  of  a  permanent  steel  magnet  it  is  attracted  to  it  and 

If  ^H      becomes  a  temporary  magnet ;  it  now,  in  turn,  supports  a  second 

j«9^      piece,  this,  in  turn,  a  third  piece,  and  so  on,  until  a  chain  of  four 

*""H        or  five  pieces  is  built  up.    Each  of  these  pieces  of  iron  is  itself  a 

magnet ;  if  it  be  the  north  pole  of  the  magnet  to  which  the  pieces 

^"^W       are  attached,  the  end  of  the  first  piece  in  contact  with  the  steel 

g-"^\        magnet  will  have  south,  and  the  other  end  north,  magnetism, 

%!^jk        and  this  last  will  develop  in  the  nearest  end  of  the  next  piece  of 

Yig  »o        iron  south  magnetism,  and  so  on.    But  if  the  steel  magnet  be 

-tg'^l       removed  from  the  top  of  the  chain  all  the  rest  drop  off,  and  are 

<Audn.         found  to  be  no  longer  magnetic. 

A  piece  of  soft  iron  laid  with  one  end  on  the  end  of  a  magnet  practically 
becomes  part  of  the  magnet,  simply  extending  its  length,  and  its  frirther  end 
being  of  the  same  polarity  as  that  of  the  magnet  to  which  it  is  joined. 

When  the  pole  of  the  inducing  magnet  is  brought  near  to  other  portions 
of  the  iron  bar,  more  complicated  results  follow.  Thus,  if  the  magnet  be 
made  to  touch  the  middle  of  the  bar  (instead  of  the  end),  their  longer  sides 
being  at  right-angles,  an  opposite  pole  will  be  developed  by  induction  at  the 
point  of  contact,  and  similar  poles  at  the  two  ends.  If  a  circular  plate  of 
iron  be  laid  horizontally,  and  a  bar  magnet  be  allowed  to  rest  upon  it 
vertically  at  its  centre,  the  plate  will  acquire  by  induction  the  oppoeiU  polarity 
to  that  of  the  acting  pole  at  its  cmtre^  and  a  eimihr  polarity  at  every  point  of 
its  circumference. 
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226.  Attraction  of  Iron  by  a  Magnet  explained.— The 

inductiye  action  here  explained  acoonnta  for  many  phenomen»,  which  at  first 
sight  seem  at  yariance  with  the  general  laws  of  magnetic  force.  When  the 
similar  poles  of  two  magnets  are  brought  near  they  repel  one  another,  while 
dissimilar  poles  in  the  same  ciroumstanoes  attract.  Now  the  forces  emanating 
from  the  two  poles  of  the  same  magnet  are  equal,  and,  accordingly,  the  re- 
pulsion of  the  similar  poles  of  the  two  magnets  should  be  equal  to  the  attrac- 
tion of  the  dissimilar  poles  at  the  same  distance.  The  latter  force,  however, 
is  observed  to  be  always  greater  than  the  former.  This  difference  is  explained 
by  the  effect  of  induction.  When  the  distimilar  poles  of  the  two  magnets  are 
presented  to  one  another,  each  pole  induces  the  opposite  magnetism  in  the 
near  part  of  the  other  magnet ;  and  the  magnetism  so  induced  is  added  to 
that  which  it  already  possesses,  and  the  two  polar  forces  become  strmger 
than  they  were  when  the  two  magnets  were  apart.  On  the  other  hand,  when 
the  similar  poles  of  two  magnets  are  presented  to  one  another,  the  magnetism 
induced  in  each  by  the  presence  of  the  other  is  opposite  to  that  which  it 
already  possesses,  and  the  resulting  polar  forces  are  weakened.  Hence  the 
attraction  of  the  dissimilar  poles  always  exceeds  the  repulsion  of  the  similar 
poles  at  the  same  distance. 

227.  Effects  of  Induction.— It  may  even  happen,  by  the  effect  of 
induction,  that  the  repulsion  of  the  similar  poles  is  converted  into  attraction. 
Thus,  when  the  similar  poles  of  two  magnets,  which  are  very  unequal  in 
size  and  power,  are  brought  near,  the  opposite  polarity  induced  in  the  near 
end  of  the  smaller,  by  the  action  of  the  pole  of  the  larger,  will,  at  a  certain 
distance,  just  balance  the  similar  polarity  which  it  possesses ;  while  within 
that  distance,  the  induced  polarity  will  exceed  the  other,  and  the  resulting 
action  will  become  attractive.  Accordingly,  when  the  pole  of  a  strong  mag- 
net Ib  presented  to  the  similar  pole  of  a  weak  one  at  a  considerable  distance, 
repulsion  will  take  place.  As  the  interval  between  the  poles  is  lessened,  the 
polar  force  of  the  weaker  magnet  is  gradually  diminished,  and  at  a  certain 
distance  there  is  no  action.  Within  that  distance  the  polar  force  changes 
sign,  and  the  repulsion  is  converted  into  attraction. 

Thus  it  is  that  two  magnets  of  unequal  strength  always  adhere  when 
brought  into  contact  by  their  similar  poles. 

In  oomparing  the  phenomena  of  magnetic  induction  with  those  of  electrical 
induction  we  find  both  points  of  resemblance  and  points  of  difference.  In 
the  case  of  electricity,  if  the  infiuencing  and  influenced  body  are  allowed  to 
come  in  contact,  the  former  loses  some  of  its  own  charge  to  the  latter.  In 
the  case  of  magnetism  there  is  no  such  loss ;  a  magnet  after  touching  soft 
iron  is  foimd  to  be  as  strongly  magnetised  as  it  was  before. 

££8>  BKagnetisation.— The  various  sources  of  magnetism  are  the 
influence  of  natural  or  artificial  magnets,  terrestrial  magnetism,  and  electricity. 
The  three  principal  methods  of  magnetisation  by  the  indueiive  action  of  per- 
manent magnets  are  known  by  the  technical  names  of  single  touch,  separate 
touch,  and  double  touch. 
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ZZ9m  Method  of  Single  Touch.— The  steel  bar  to  be  magnetised 
is  placed  horizontally  on  a  table,  and  one  of  the  poles  of  the  magnetising 
bar,  held  yerticallj,  is  brought  into  contact  with  it  at  one  of  its  extremities. 
The  magnetising  bar  is  then  to  be  drawn,  parallel  to  itself,  along  the  surface 
of  the  steel  bar  to  the  other  end ;  after  which  it  is  to  be  lifted  and  replaced 
in  its  first  position,  and  the  operation  repeated.  After  ten  or  twelve  such 
rubbings,  the  steel  bar  is  to  be  inverted  and  the  same  process  repeated  upon 
its  other  face,  taking  care  that  the  same  pole  of  the  acting  magnet  is 
employed,  and  that  it  is  always  moved  in  the  same  direction.  The  end,  or 
pole,  of  the  steel  bar  at  which  the  pole  of  the  magnet  leaves  the  bar  will 
always  be  of  the  opposite  magnetism  to  that  of  the  magnetising  magnet. 
That  is,  if  the  north-seeking  (or  red)  end  of  the  magnet  is  used  the  end  of 
the  steel  bar  last  touched  by  it  will  be  a  blue  or  south-seeking  pole. 

This  process  wiU  answer  sufficientiy  well  when  the  needle  to  be  magnetised 
is  of  small  dimensions.  It  cannot  impart  to  large  bars  all  the  magnetism 
of  which  they  are  capable,  and  it  has  the  inconvenience  of  generating 
eoneecutive  poles  when  the  bar  to  be  magnetised  is  long,  unless  much  care  be 
taken  in  giving  an  equable  motion  to  the  moving  magnet. 

230.  Methods  of  Separate  or  Diyided  Touch.— This  method, 
which  was  first  used  by  Dr.  EIinoHT  in  1745,  coxisists  in  placing  the  two 
opposite  poles  of  two  magnets  of  equal  force  in  the  middle  of  thel>ar  to  be 
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Fig.  7 1 .— fihoirixig  Magnetinn  by  ICefhod  of  StpartUe  or  Divided  Touch. 

magnetised,  and  in  moving  each  of  the  magnets  simultaneously  towards  the 
opposite  ends  of  the  bar.  Each  magnet  is  then  placed  in  its  original  position 
and  this  operation  repeated.  After  several  frictions  on  both  fSaoes  the  bar  is 
magnetised.  In  Dr.  Knight's  method  the  magnets  are  held  vertically. 
M.  DuHAMSL  perfected  the  method  by  inclining  the  rubbing  magnets  at  an 
angle  of  20^  with  the  horizon  ;*  and  the  process  is  still  more  effectual  if  the 
ends  of  the  bar  are  mean  time  supported  on  the  opposite  poles  of  two  other 
equally  powerful  bar  magnets,  the  poles  being  of  the  same  name  as  those  of 
of  the  two  magnets  used  for  stroking  the  steel  bar.  The  relative  position  of 
the  poles  of  the  magnets  is  indicated  in  the  figure. 

This  method  produces  the  most  regular  magnets. 

Z31m  Magnetisation  by  the  action  of  the  Earth.— That  the 
earth  operates  as  a  magnet,  and  at  each  point  of  its  surface  the  force  ema- 
nating firom  it  has  a  fixed  direction  or  intensity,  and,  hence,  that  like  other 

*  It  is  now  ascertained  that  a  smaller  inolination  is  more  advantageous.  According  to 
Gapt.  Eatbr  the  maximum  e£feot  is  produced  when  the  inclination  of  the  magnettiing  ban 
Js  Todnoed  to  two  or  three  degxees. 
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magnets  it  can  giye  hoUb.  permanent  and  temporary  magnetism  is  shown  by 
many  natural  and  artificial  phenomena.  The  permanent  magnetism  of  lode- 
stone  when  its  deposits  are  in  the  magnetic  meridian  is  an  example  of  one 
kind,  and  the  magnetism  in  the  soft  iron  of  a  dynamo-eleotrio  machine  is  an 
example  of  the  oUier.  All  soft  or  cast  iron  rods  or  bars,  or  other  elongated 
forms  of  cast  or  soft  iron,  unless  the  position  of  their  length  is  at  a  right- 
angle  to  the  line  of  the  direction  of  the  earth's  magnetic  force,  are  im- 
mediately rendered  magnetic  by  induction  jGrom  the  earth,  and  the  nearer 
the  iron  is  to  the  line  of  force  or  dip  the  greater  will  be  the  amount  of  in- 
duction. When  a  bar  of  soft  iron  is  held  on  the  magnetic  meridian  and 
parallel  to  the  dip  it  becomes  immediately  endowed  with  feeble  magnetic 
polarity.  The  lower  extremity  is  a  N.  (red)  pole,  and  if  the  N.  (red)  pole  of 
a  small  magnetic  needle  be  approached  to  it  it  will  be  repelled.  If  the  bar 
be  held  vertically  the  lower  end  will  still  be  a  north  pole,  but  of  less  intensity. 
If  the  bar  is  held  homontally  north  and  south  the  north  end  will  be  a  north 
pole  but  of  still  lesser  intensity,  the  south  end  a  south  pole  also  of  lesser 
intensity.  If  we  now  turn  the  bar  in  the  same  horicontal  plane  its  m^^etism 
will  diminish,  and  if  placed  in  an  east  and  west  direction  it  will  lose  its 
polarity,  and  if  we  turn  it  still  further,  until  its  position  is  reyersed,  the 
magnetic  poles  of  die  bar  will  be  reversed. 

Magnetism  resultfng  from  induction  may  be  mora  or  less  pennaneat,  or 
totally  transient.  Thus  it  has  been  found  that  a  bar  of  iron  that  has  re- 
mained fixed  for  a  long  period  in  a  direction  parallel,  or  nearly  so,  to  the 
earth's  line  of  force  becomes  a  permanent  magnet.  If,  however,  the  bar  be 
of  hardened  steel  its  magnetism  will  require  a  little  time  to  arrive  at  its 
maximum  intensity  of  magnetisation,  because  of  its  coercive  force  causing  it 
for  a  short  time  to  resist  magnetisation. 

Since  the  efiPect  of  inducing  action  is  much  increased  by  mechanical  con- 
cussion, or  any  other  cause  which  imparts  molecular  vibration  to  the  bar 
while  under  the  action  of  the  inducing  force,  hence,  to  magnetise  an  iron  bar 
we  have  only  to  hold  it  in  the  direction  of  the  earth's  magnetic  foree,  and  to 
strike  it  on  the  end  while  so  held  with  a  hammer.  The  bar  will  be  found  to 
acquire  by  this  simple  process  a  considerable  amount  of  magnetism.  As  the 
direction  of  the  earth's  magnetic  force  in  the  higher  latitudes  is  not  far  from 
the  vertical  the  effect  produced  will  be  nearly  the  same  if  the  bar  be  hdd 
vertically.  The  end  of  the  bar  which  was  lowest  being  charged  with  north 
(red)  magnetism ;  and  this  magnetism  is  not  transient  like  the  induced  mag- 
netism of  soft  iron,  changing  its  place  in  the  bar  with  every  change  in  the 
position  of  the  bar,  but  is  constant  like  that  of  a  steel  bar,  retaining  the 
same  magnetism  whatever  the  position  of  the  bar.  By  reversing  the  position 
of  the  bar  and  striking  it  a  few  blows  with  the  hunmer,  its  magnetism  is 
reversed.  The  magnetLsm  of  the  bar  so  struck  resembles  that  of  a  steel 
magnet  in  all  respects  but  this,  that  while,  perhaps  no  change  can  be  re- 
marked in  hours  or  days,  it  infallibly  diminishes  in  a  long  time.  To  express 
this  partially  permanent  character  the  term  Subpermanent  Mofnetiem  has 
been  adopted. 
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ZSZb  Magiietlsation  by  the  xnectric  Curent.— Muoh  greater 
power  can,  faoweyer,  be  obtained  by  means  of  electro-magnetism ;  and  the 
two  following  methods  are  now  almost  exclusiyely  employed  by  the  makers 
of  magnets. 

A  lized  eleotro-magnet  (Fig.  7  2]  is  employed,  and  the  bar  to  be  magnetised 
18  drawn  in  opposite  directions  oyer  its  two  poles.  Each  stroke  tends  to 
develop  at  the  end  of  the  bar  at  which  the  motion  ceases  the  opposite 


Tig.  7s. — ^Method  of  Hag;n«ti8ation  by  an  Fig.  73.«lCeUiod  of  Magnetisatton  by  an 

ELBcno-MAOKXT.  Elxctric  CxjBftBirr. 

magnetism  to  that  of  the  pole  which  is  in  contact  with  it.  Hence  strokes  in 
opposite  directions  oyer  the  two  contrary  poles  tend  to  magnetise  the  bar  the 
same  way. 

When  yery  intense  magnetisation  is  to  be  produced  the  electro-magnet 
must  be  yery  powerful,  and  the  bar  then  adheres  to  it  so  strongly  that  the 
operation  aboye  described  becomes  difficult  of  execution,  besides  scratching 
the  bar.  Hence  it  is  more  conyenient  to  moye  along  the  bar,  as  in  Fig.  73, 
a  coil  of  wire  through  which  a  current  is  passing.  This  waa  the  method 
employed  by  Arago  and  Ampere. 

£33-  DMlracUon  of  Magnetlrai.— The  capability  of  induction, 
and  the  correlatiye  power  of  retaining  the  induced  magnetism,  as  we  haye 
aeen,  are  both  greatly  afiPected  by  any  mechanical  or  other  force  which  ex- 
cites a  yibratory  motion  in  the  particles  of  the  iron.  On  the  other  hand,  the 
magnetism  of  a  steel  bar  is  weakened,  or  eyen  wholly  destroyed  by  the  same 
BMans ;  the  yibratory  motion  which  is  imparted  to  the  molecules  of  the  body 
fjavouring  the  recombination  of  the  separated  magnetism,  and,  therefore,  the 
return  of  the  body  to  the  neutral  state.  It  is  thus  iJiat  tiie  power  of  a 
magnet  is  seriously  lessened,  or  altogether  destroyed,  by  a  fall  from  a  height 
upon  a  hard  payement. 

£34-  The  terrestrial  magnetic  force  is  determined  both  in  direction  and 
magnitude,  when  we  know  the  position  of  the  vertical  plane  containing  the 
direction  of  the  force ;  the  angle  which  that  direction  makes  with  the  horizon, 
and  the  number  which  expresses  the  intensity  of  the  force  itself,  referred  to 
some  known  unit.    In  addition  to  these  we  have  to  consider  the  diatribution 
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of  its  effects  oyer  the  surface  of  the  globe,  and  the  changes  it  is  subject  to. 
The  distribution  will  be  noticed  under  the  heads  of  its  direction  and  intensity, 
being  represented  in  each  case  by  a  system  of  imaginaiy  lines  on  the  earth's 
surface,  the  change  will  be  noticed  subsequently. 

235.  Z.  The  Direction  of  the  Force  of  Terrestrial  Mag- 
netism.— This  is  estimated  in  two  co-ordinate  planes,  the  one  horizontal, 
the  other  yertioal,  in  the  former  of  which  the  geographical  meridian  is  taken 
as  the  initial  line.  It  is  measured  by  the  direction  of  the  magnetic  needle 
suspended  to  move  in  each  of  these  planes :  the  needle  hung  so  as  to  move 
in  the  horizontal  plane  is  called  the  ''Declination"  or  ''Variation  Needle," 
that  hung  so  as  to  move  in  the  yertioal  plane,  the  "  Inclination  "  or  "  Dipping 
Needle." 

236.  The  geographical  or  true  meridian  of  a  place  is  the  plane 
passing  through  the  place  and  containing  the  true  axis  of  the  earth. 

£37.  The  Magnetic  Meridian.— The  tnagneUe  meridian  of  a  place 
is  the  vertical  plane  passing  at  this  place  through  the  two  poles  of  a  moyable 
magnetic  needle  in  equilibrium  about  a  vertical  axis;  that  is,  it  is  the 
yertioal  plane  in  which  a  magnetised  needle  tends  to  place  itself. 

The  magnetic  north  is  not  any  one  point,  i.e.,  the  magnetic  meridians  at 
different  parts  of  the  earth's  surface  do  not  cut  any  one  point  as  the  true 
meridians  do.  The  forms  of  the  magnetic  meridians  are  very  remarkable. 
None  of  them  appear  to  be  exactly  a  great  circle.  They  conyerge  to  a  north 
pole,  north  of  Hudson's  Bay,  and  a  south  pole  in  South  Victoria ;  but  these 
poles  are  not  opposite.  From  long.  70^  E.  to  1 50°  E.  the  northern  parts 
agree  nearly  with  the  geographical  meridians ;  the  same  remarks  also  applies 
to  a  large  portion  of  the  southern  part  for  long,  i  jo*. 

238.  The  Direction  in  the  Horizontal  Plane.— Magnetic 
Declinationy  or  Variation.* — In  general  the  magnetic  meridian  does 

not  coincide  with  the  geographical  meridian, 
and  the  angle  which  the  magnetic  makes  with 
the  geographical  meridian,  or  which  is  the  same 
thing,  the  angle  which  the  direction  of  the 
needle  makes  with  the  meridian  is  called  the 
declination  or  variation  of  the  magnetic  needle. 
The  declination  is  said  to  be  eaet  if  the  north 
pole  of  the  needle  points  east  of  the  true  or 
geographical  meridian ;  but  the  declination  is 
weet  if  the  north  pole  of  the  needle  points  west 
Kg.  74.— Dedination.  of  the  true  meridian.     It  is  yery  different  at 

different  places,  and  at  a  giyen  place  undergoes  a  gradual  change  from  year 
to  year,  besides  smaller  changes  backwards  and  forwards  which  are  con- 
tinually taking  place. 

*  Magnetic  Yariation  is  the  term  still  employed  by  nantical  men,  bnt  for  which,  among 
of  aoience,  the  term  Ifagnetio  Decimation  is  nsnally  rabskitated. 
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The  following  table  gives  partioulan  of  the  Declination,  Inclination  (Dip), 
and  total  magnetic  force  at  a  number  of  important  places,  the  yalaes  being 
approximately  true  for  the  year  1880. 

Table  of  Magnetic  Declination  and  Inclination  for  Tear  1880. 


Flaoea. 

Bedinatloii. 

nudination. 

Polar  FoToe. 
0.0.8.  TJnitB. 

Boothia  Felix    

None 
i8»4o'W. 
0  40  W. 
II  30  W. 

16  45  w. 

II  30  W. 
7  57  W. 
7  55  5- 

26  25  W. 
30    a  W. 

2  305- 

849E. 
4    5  W. 

90^  0'  N. 
67  40  K. 

70  0  K. 
64    0  K. 
66    oK. 
60    0  N. 
7a  la  N. 

F45    oN. 
P25    0  K. 

a8    oS. 

56  30  8. 

6a  45  8. 

71  5^ 
50    0  N. 

'6S 
'41 
•48 
•48 
•47 

•If 

•4» 
•35 

'-'^ 

■n 

'45 

Londoa  , 

St.  Petenbnrff   . .  • . , 

Berlin 

Pari*    

Rome  ,»• 

New  York 

Merioo    

Quito   

St.  Helena 

Cape  Town 

Svaney    •  • • 

Hobarton 

Tokeo 

Unes  of  No  Variation,  or  Agonic  Lines.— In  certain 
parte  of  the  earth  the  magnetic  coincides  with  the  geographical  meridian. 
Imaginary  lines  passing  through  all  these  points  where  the  needle  points  due 
North  or  South  are  called  Linet  of  No  Vartatumf  or  Agonic  Lina, 

24kO.    Zfiogonic  Unesy  or  Unes  of  Bqnal  Variation.— Lines 

connecting  all  points  where  the  needle  is  deflected  from  the  geographical 
meridian  by  an  equal  quantity  are  called  Lines  of  Equal  Variation^  or  liogonie 
Zinss.  These  are  extremely  irregular  curves,  and  form  two  closed  systems, 
surrounding  two  points  which  may  be  called  CefUres  of  Variaiiim.  One  of 
these  points  is  in  Eastern  Siberia,  the  other  in  the  Pacific  Ocean,  in  the 
vicinity  of  the  Marquessa. 

If  we  imagine  the  earth  to  be  covered  with  perfectly  Bimilar  declination  needles  without 
inflnence  upon  one  another,  we  shall  find  certain  of  them  having  no  decHnation ;  the  line 
joining  all  rach  needles  is  called  an  agoHtc  line. 

Confloing  onr  attention  for  the  present  to  the  actoal  oonfignration  of  the  linn  of  no 
ViHtUion,  we  find  that  there  are  two  principal  linet  of  no  variation.  Of  these  the  western 
traverses  the  continent  of  America  and  the  Atlantic  Ocean,  in  a  direction  from  north-west 
to  south-east.  Commencing  in  the  Polar  Sea,  abont  Port  Kennedy,  say  in  about  lat.  75*  K., 
and  long.  loo*  W.,  its  course  has  been  traced  through  Hudson's  Bay  and  Lake  Ontario^ 
until  it  leaves  the  North  American  continent  near  Cape  Hatteras,  in  about  75°  W.  long. 
It  then  traverses  a  portion  of  the  Atlantic  Ocean  to  the  eastward  of  the  West  India  Islands, 
until  it  meets  the  continent  of  South  America  near  the  month  of  the  Biver  Amason,  in 
about  long.  50**  W.  Proceeding  thence,  in  a  south-easterly  direction,  it  outs  the  shores  of 
the  continent  again  near  to  Bio  Janeiro,  between  46*  and  45*"  W.  long.,  and  enters  the 
South  Atlantic,  where  it  pursues  the  same  direction  as  before,  and  can  be  traced  towards 
the  S.  pole  as  &r  as  60P  S.  I'he  course  of  this  line  presents  but  little  inflection,  and  is 
inoUned  to  the  meridian  nearly  at  the  same  angle  thioughoul. 
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The  mmUiii  line  of  no  dcbliiittioa  follows,  for  the  most  psrt,  a  mmiltr  diroofcioA.  It 
tnveraes  Earopeaii  Bosda  from  the  White  Sea  to  the  Oaspian,  and  eoteni  the  Axabian  8ea 
in  abont  63^  E.  It  then  pnnnes  the  same  general  direotion  in  the  Indian  Ooean,  as  fu  aa 
8^  8.  lat.,  from  90"  to  laoP  E.  long.  To  the  eastward  of  this  it  bends  again  southward, 
intersects  the  north  ooast  of  Australia  in  about  125**  £.  long.»  and  finally  emsiges,  and 
enters  the  great  Australian  bight,  in  about  long.  130^  E. 

In  the  spaoe  between  these  two  lines— to  the  east  of  the  former  and  west  of  the  latter—- 
the  dedioation  is  watiri^.  This  space  includes  the  eastern  part  of  America,  the  Atlantic 
Ocean,  nearly  the  whole  of  Europe,  and  the  whole  of  Africa.  In  the  remaining  division  of 
the  globe— to  the  west  of  the  former,  and  to  the  east  of  the  latter^— including  the  Paoiflo 
Ocean,  and  the  greater  part  of  Asia  and  America,  the  variation  is  for  the  most  part  mutm^. 
There  is,  howeyer,  in  the  eastern  part  of  Asia  and  the  adjoining  sea  a  cUted  crnrp^  of  m 
variaikHf  within  which  the  dedinadon  is  again  io$tUrljf,  lliis  remarkable  loop,  indoeing 
part  of  Siberia  and  of  the  Chinese  Empire,  has  the  form  of  an  oval,  whose  greater  axis  lies 
nearly  in  the  meridian  of  130*  E.  long.  The  diameter  of  the  oval  extends  from  about  ao* 
to  70*  K.  lat.,  and  long.  105^  to  150*  E.,  indosing,  therefore,  Japan  and  part  of  Ohiaay 
Manchouria,  and  Siberia.  It  is  almost  certain  that  there  is  a  similar  but  smaller  loop 
agonic  line  just  south  of  the  equator,  and  between  i2d*  and  130"*  W. 

The  point  of  the  equator  at  which  the  westerly  declination  is  greatest  is  in  the  Aflautie 
Ocean,  to  the  south  of  the  Bight  of  Benin,  nearly  in  the  meridian  of  Greenwich.  There 
are  two  points  of  greatest  easterly  dedination,  with  an  intervening  minimum.  These  three 
points  are  all  in  the  Pacific  Ocean. 

If  we,  in  like  manner,,  follow  the  line  of  needles  which  have  all,  say,  5^  W.  dedinatioii 
(variatiQn)  we  pursue  an  iaogcnie  line;  this  runs  nearly  paralld  with  the  agonic.  But  the 
greater  the  angle  of  declination  on  the  isogonio.  the  more  does  H  depart  from  paralldism 
with  the  agoBte ;  and  this,  whether  the  dedination  is  eaet  or  west,  until  the  isogonios  cease 
to  cross  the  equator.  These  agonic  and  isogonio  lines  are  continually  shifting  slightly 
through  the  day  and  seasons,  and  altering  through  the  oenturies. 

The  lines  of  equal  declination,  although  of  great  use  to  the  navigator,  are  ill  adapted  to 
oarry  a  distinct  view  of  the  pheoomeBa  in  themselves,  or  to  eihibit  their  physical  relalions. 
The  most  natural,  as  well  as  the  most  instructive  modes  of  grouping  graphically  the  ob- 
served results,  seems  to  be  that  adopted  by  Dupbrrbt  in  the  charts  published  in  1836. 
The  curves  of  Dupbbbbt  indicate — not  the  deviation  of  the  needle  frx)m  the  true  north  at 
each  place— but  its  actuai  dindim.  The  magnetic  meridian  in  this  case  are  curves  traoed 
on  the  globe^  to  whioh  the  direction  of  the  freely  suspended  horiiontal  needle  is  every  whese 
a  tangent.  At  each  point,  therefore,  the  direction  of  the  curve  is  that  of  the  magnetio 
meridian  of  the  place.  These  meridians  converge  towards  two  points,  one  in  the  northam 
and  the  other  in  the  southern  hemisphere.  They  do  not,  however,  all  meet  in  the 
same  point;  but  the  successive  intersections  of  each  pair  of  contiguous  meridiaos  fimn 
a  dosed  curve,  the  eentral  points  of  whioh  may  be  denominated  m^gtiMUo  poUt,  The  north 
magnetic  pole,  so  defined,  is  nearly  in  lat.  70**  N.,  long.  98'*  W.;  that  of  the  south  magnetio 
pde  is  to  the  south  of  Australia  in  lat.  75*  S.,  long.  138*"  E. 

DuPSBKBT  has  traced  on  the  globe  a  series  of  curves  which  are  in  every  point  normal  to 
the  preceding,  or  at  right-angles  to  the  direotion  of  the  freely  suspended  horisontal  needle. 
These  curves  he  denominates  magmtic  paraUeis,  They  serve,  even  more  directly  than  the 
preceding,  to  point  out  the  relations  between  the  dedination  (variation)  and  the  other 
magnetic  elements.  The  magnetic  paralld  which  denotes  equally  from  the  terrestrial 
equator  on  both  sides,  or  that  for  which  the  sum  of  the  latitudes  =  o,  may  be  denominated 
the  magmlic  iquator.  The  mean  plane  of  this  curve  is  inclined  to  the  terrestrial  equator  at 
an  angle  of  11'.  Its  ascending  node  is  near  the  western  ooast  of  Africa,  in  abont  10"  E. 
long.,  measured  from  the  meridian  of  Paris.  Its  descending  node  is  in  the  Pacific  Ocean, 
in  about  170*  W.  long. 

£41«i    The  Direction  In  the  Vertical  Plane«— Znclination, 

or  Dip* — ^Iff  before  magnetiaing  a  needlfl^  we  mouat  it  on  aa  azie  ] 
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¥^.  75.  through  its  centre  of  gravity,  and  support 

the  ends  of  the  axis,  as  in  Fig.  79,  bj  a 
thread,  the  needle  will  remain  in  equi- 
librium in  anj  position  in  which  it  may 
be  placed.    If  it  be  then  magnetised  and 
suspended  by  its  cMitre  of  gravity,  and  be 
free  to  assume  any  direction,  it  will  no 
longer  be  indifferent,  but  wiU  place  itself 
in  a  particular  vertical  plane  called  the 
mapneUe  meridian,  and  will  take  a  par- 
ticular direction  in  that  plane.    This  di- 
rection is  not  horizontal,   but  inclined 
generally  at  a  considerable  angle  to  the 
horizon.    The  axis  of  the  magnet  lying 
in  the  direction  of  the  line  of  force,  and 
the  angle  which  this  axis  makes  with  the 
\  horizontal  plane  is  the  Dip,  or  Inclination. 
Def. — The  angle  included  between  a 
horizontal  plane  and  the  axis  of  a  mag- 
netic needle  when  allowed  to  come  freely  to  a  state  of  rest  («.«.,  when  the 
vertical  plane  in  which  it  moves  coincides  with  the  magnetic  meridian)  is 
called  the  Dtp^  or  IneUfiation;  and  a  line  through  the  poles  of  the  needle 
at  that  time  is  called  the  Line  of  Farce. 

242.  Magnetic  PoleSa— At  two  points,  or  rather  linear  spaces  on 
the  earth's  surface,  the  needle  assumes  a  position  perpendicular  to  the 
horizon,  or  the  dip  is  90^.  These  two  spots  are  called  magnetie  poUe.  At  the 
North  magmetie  pole,  the  North  {red)  pole  «f  the  needle  dips ;  at  ^  South 
magnetic  pole,  the  South  {him)  pole  of  the  needle  dips.  The  terrestrial 
magnetic  poles  do  not  coincide  with  the  geographical  ones,  nor  are  those 
points  diametrically  opposite.  The  poations  of  these  poles  are  lat.  70^  N., 
long.  97*  W.,  and  lat.  70*  S.,  long.  102°  E. 

243.  Magnetic  Bquator,  or  Aclinic  Line,  is  the  line  which 
joins  all  those  places  on  the  earth  where  there  is  no  dip ;  that  is,  all  those  in 
which  the  dipping  needle  is  quite  horizontal.  This  line  which  is  not  a  great 
oirde,  does  not  coincide  with  the  terrestrial  equator,  which  it  crosses  in  two 
points,  and  never  recedes  from  it  on  either  side  further  than  1 2® ;  the  position 
of  the  two  being  nearly  coincident  in  that  part  of  the  Pacific  where  there  are 
few  islands,  and  mosrt  divergent  when  taraversing  the  African  and  American 
eontinents. 

It  win  be  seen  that  the  increase  of  dip  is  nearly  double  of  the  increase  of 
latitude ;  and  upon  this  circumstance  was  founded  the  conjectural  law 
Tang,  dip  =  2  tang,  distance  from  magnetic  equator. 

244.  Magnetic  character  of  the  Earth  and  a  Magnet, 
their  analogy. — ^A  striking  analogy  exists  between  the  character  of  the 
•arth  and  that  of  an  artificial  magnet.  Having  provided  a  little  unspun 
•ilk|  by  means  of  a  bit  of  wax,  or  otherwisoi  attach  the  aBk  fibsa  to  the 
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magnetio  needle.  Place  a  bar  magnet  on  the  table  and  hold  the  needle  oyer 
the  equator  (X,  Fig.  76)  of  the  magnet.  The  needle  sets  horizontal,  or  comes 
to  rest  in  a  position  of  parallelism  to  the  bar,  with  its  S.  pole  pointing  to  the 
N.  pole  of  tiie  bar,  and  its  N.  pole  pointing  to  the  south  pole  of  the  bar — 
being  acted  on  equally  at  its  opposite  ends  by  equal  forces  of  attraction  and 
repulsion.  Move  the  needle  towards  the  north  end  of  the  magnet,  the  south 
end  of  the  needle  dips,  the  dip  augmenting  as  the  north  pole  is  approached, 
oyer  which  the  needle,  if  free  to  move,  will  set  itself  exactly  vertical.  Move 
it  back  to  the  centre,  it  resumes  horizontality ;  pass  it  towards  the  south  pole, 
its  north  end  now  dips,  and  directly  oyer  the  south  pole  the  needle  becomes 
vertical,  its  north  end  being  now  turned  downward.  Hence,  if  we  suppose 
a  series  of  small  magnets  to  be  suspended  above  a  large  bar  magnet,  as 
shown  in  Fig.  76,  they  assume  the  respective  positions  therein  indicated. 


S  (blue  pole) 


(red  pole)    N 


Hg.  76«"HSaioviiig  Mttoa  of  a  Powb&fvl  ICAOMitTxc  Bak  on  a  series  of  Swall  Ka«nr>s  sospended  hj 
thxiftds.    N  B  and  n  t,  North  and  South  Poles ;  Z,  Nentnl  line,  or  Magnetie  Equator. 

Thus  we  learn  that  on  one  side  of  the  magnetic  equator  the  north  end  of 
the  needle  dips,  on  the  other  side  the  south  end  dips,  the  dip  vaiying  from 
nothing  to  ninety  degrees. 

Imagine  now  that  this  bar  magnet  represents  a  portion  of  the  earth's 
surface  extending  along  a  given  magnetic  meridian  between  the  magnetic  pole 
of  the  northern  hemisphere,  and  that  of  the  southern  hemisphere,  and  we  have 
an  exact  image  of  the  way  in  which  a  needle  freely  suspended  from  its  centre 
of  gravity  is  acted  upon  when  carried  from  pole  to  pole 
(Fig.  77).  If  we  go  to  the  equatorial  regions  with  a 
suitably  suspended  needle  we  shall  find  the  position  of  the 
needle  horizontal.  If  we  sail  north  the  N.-seeking  end 
{red  pole)  of  the  needle  dips,  and  if  we  sail  south  the 
opposite  end  {hlu6  pole)  of  the  needle  dips,  and  over  the 
north  magnetic  pole,  the  N.-seeldng  end  (or  red  pole)  of 
the  needle  points  as  nearly  as  can  be  measured,  vertically 
downwards;  similarly  at  the  magneticpole  of  the  southern 
hemisphere  the  needle  again  stands  vertically,  but  with  the  S.-seeking  end 
(or  hhie  pole)  downwards.  At  the  magnetic  pole  a  declination  needle  is,  of 
eoursei  at  rest  in  any  podtion. 
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245.  Xfloclinlc  Unes,  or  Unes  of  Bqual  Dlp»— Lmes  oon- 
neotmg  places  in  which  the  dipping  needle  makes  the  same  angles  with  the 
horizon  are  called  Zinei  of  Equal  IncUnatumi  w  Bip^  also  ImUnio  Zinei. 

The  renlto  of  Um  ol)fleryati(ni8  of  the  magnetio  inolinatioD,  made  in  different  parti  of 
tiie  earth,  were  first  g^phically  represented  by  Wilcxb,  who  first  published  a  ohart  of  the 
Unes  of  equal  inclination  (dip)  in  the  Memoirs  of  the  Academy  of  Stockholm,  in  the  year  1768. 
A  second  and  greatly  improved  ohart  of  the  iBOolinioal  lines  was  oonstnioted  by  Hakstbev, 
for  the  epoch  1780.  The  most  recent  map  of  these  lines  is  that  oonstmoted  by  (General 
SABDxm,  and  published  in  the  seoond  edition  of  Johnston's  Physical  Atlas.  These  lines,  in 
their  general  confignration,  resemble  closely  the  magnetic  parallels  referred  to.  WiUun 
the  tropics  they  are  slightly  inclined  to  the  equator ;  the  flexures  increase  with  the  latitude 
and  in  the  higher  latitudes  they  tend  to  form  closed  curves,  encompassing  the  points  at 
which  the  inclination  is  96*,  or  the  needle  assumes  the  vertical  position.  Near  to  the 
ICagnetio  Poles  the  curves  are  oval,  or  rather  pear  shaped;  but  the  major  axis  of  the 
northern  curves  and  those  of  the  southern  curves  are  not  in  the  same  direction.  It  is  to  these 
points  that  the  name  of  Magnetic  Fol$9  is  ordinarily  given.  It  has  been  already  mentioned 
that  Hallst  and  Hanbtssn  infiarred  the  existence  at  four  mtgneiUpoUe  from  the  configura- 
tion of  the  lines  of  equal  declination  in  the  higher  latitudes.  According  to  Hanstbxn,  the 
same  conclusion  is  confirmed  by  the  form  of  the  isoolinioal  line,  and  he  concludes  that  there 
are  four  points  on  the  earth's  surface  at  which  the  dip  needle  assumes  the  vertical  position. 
It  has  been  pointed  out,  however,  by  Q-axjss,  that  the  existence  of  two  points  in  tiie  same 
hemisphere,  for  which  the  inclination  is  90°,  necessarily  involves  the  existence  of  a  third 
between  them.  The  position  of  the  north  magnetic  pole  haa  been  exactly  fixed  by  Sir 
Jaios  Boss,  who  readied  the  spot  itself  in  his  arctic  journey  in  1831.  It  is  situated  in 
Boothia  Felix,  in  lat.  70^  5'  K.  and  long.  96**  4$*  W.  The  south  magnetic  pole  lies  to  the 
south:  of  Australia,  and  upon  the  Antarctic  Continent  discovered  by  the  same  intrepid 
navigator.    It  is  situated,  according  to  Dttpbbbbt,  in  75^  S.  and  138"*  E. 

Encircling  the  earth  is  the  l%n$  of  no  dip  on  every  part  of  which  the  needle  remains 
horisontal.  Much  labour  has  been  bestowed  upon  the  determination  of  the  position  of  this 
line,  which  is  called  the  Magmtic  Equator,  It  cuts  the  terrestrial  equator  to  the  south  of 
the  Bight  of  Benin,  iu  long.  5**  40'  E.  The  curve  thence  ascends  rapidly  and  reaches  its 
greatest  latitude  in  the  interior  of  Africa,  in  about  long.  40''  E.  It  thence  descends  very 
slowly  towards  the  equator,  in  its  progress  eastward,  outs  the  eastern  coast  of  Africa,  near 
Cape  Ghiardafui,  traverses  the  Indian  Ocean  in  a  direction  nearly  parallel  to  the  terrestrial 
equator,  crosses  the  Peninsula  of  India  a  little  to  the  north  of  Cape  Comorin,  crosses  the 
Peninsula  of  Siam,  touches  the  Island  of  Borneo  at  its  northernmost  point,  and  finally 
reaches  the  equator  in  the  middle  of  the  Pacific  Ocean,  in  about  long.  173**  W.  The 
eastern  and  western  nodes  of  the  magnetic  equator  are  therefore  very  nearly  antipodaL 
The  curve  thence  descends  to  the  south  of  the  equator,,  to  which  it  is  nearly  parallel 
through  40*  of  long.,  viz.,  from  no**  to  150*  W.,  after  which  it  descends  more  rapidly 
and  traversing  the  South  American  continent,  reaches  its  highest  southern  latitude,  dose  to 
the  eastern  shore,  in  about  long.  40°  W.  From  this  point  it  ascends  rapidly  nntlL  it  outs 
the  equator  in  the  point  from  whioJi  it  sets  out. 

It  has  been  already  said  that  the  eastern  node  of  the  magnetic  equator  is  in  the  Atlaatio 
Ocean,  in  f  40'  E.  The  position  of  the  western  node  is  less  determinate,  for  the  two 
equators  are  nearly  coincident  through  a  space  of  nearly  eighteen  degrees  from  178*  E.  long, 
to  id4®  W.  long.  If  we  take  the  middle  of  this  space  as  the  western  node  its  positicn  is 
I73<*  W.  long.  The  greatest  distance  of  this  curve  from  the  equator  is  in  57**  E.  long.,  its 
amount  is  11^  40'.  Its  maximum  of  southern  latitude  is  15°  40',  it  occurs  in  the  interior  of 
the  South  American  continent,  in  about  480  W.  long.  Its  mean  plane  makes  with  the 
equator  an  angle  of  loP  40'* 

It  will  be  observed  that  the  course  of  the  curve  does  not  differ  materially  from  the 
piladpal  normal  to  the  magnetio  meridian^  to  whioh|  as  already  statedy  the  title  of  trm 
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mapwtio  m»ridim  bas  bMH  gfiTon;  ita  oouse  is,  howttrer,  Bomewhsl  Ism  les^dac  TIm 
inegulaarifcies  of  the  fonner  line,  aad  of  the  magnetic  CTir?68  genexally,  are  aaoribed  by 
DuFfiBBBT  to  these  whioh  occur  in  the  difltribution  of  temperatore,  and  are  oanaed  by  the 
distribution  of  land  and  water  in  the  earth's  surface. 

246.    Zntensity  of  the  Force  of  Terrestrial  Magnetism.— 

If  a  magnetic  needle  be  moved  from  its  position  of  equilibrium  it  will  revert 
to  it  after  a  Beriee  of  osciUationB  which  follow  laws  analogous  to  those  of  the 
pendulum.  If  the  magnet  be  removed  to  another  place  and  caused  to  oscillate 
during  the  same  length  of  time  as  the  first,  a  different  number  of  oscillattons 
will  be  observed.  And  the  intensity  of  the  earth's  magnetism  at  the  two 
places  will  be  respectively  proportional  to  the  squares  of  the  number  of 
oscillations. 

If  at  M'  the  number  of  oscillations  in  a  minute  had  been  25  =  n,  and  al 
another  place,  M',  24  =  n\  we  should  have 

Intensity  of  the  earth's  magnetism  at  M |ii"_  ^__  615 

Intensity  of  the  earth's  magnetism  at  H'        n'"   —  575       '     ^' 

That  is,  if  the  intensity  of  the  magnet  at  the  second  place  be  taken  as  unity 
that  of  the  first  is  1*085.  If  the  magnetic  condition  of  the  needle  had  not 
changed  in  the  intervid  between  the  two  observations  this  method  would 
give  the  relation  between  the  intensities  at  the  two  places. 

£47.  Foci  of  Maximum  Zntensity.— There  are  four  points  on 
the  surface  of  the  earth  where  the  magnetic  force  is  a  maximum,  two  in  each 
hemisphere ;  that  of  the  greatest  and  that  of  the  least  intensity  lying  in  the 
Southern  hemisphere.  These  points  are  called  the  Foci  of  Maximum  IwUmitff. 
The  northern  foci  lie  the  one  in  Hudson's  Bay  and  the  other  in  Siberia ;  the 
southern  fod,  on«  in  the  South  Atlantic  and  ^e  other  in  the  South  Pacific 

£48.  Dynamic  Bquator. — ^An  irregular  curve  encircling  the  earth 
is  drawn  through  that  point  in  each  meridian  on  which  the  magnetic  intensity 
is  least,  this  is  called  the  Dynamic  Equator. 

The  Moffttetie  Equator^  whioh  is  "  the  line  of  no  dip/'  is  not  that  whioh  is  of  real  practioal 
importanoe,  especially  to  nayigators,  hut  the  I>ynamie  Equator^  which  has  reference  to  the 
tiAnuUff  of  the  magnetio  foroe.  It  is  this  curve  which  is  the  true  line  of  demarcation 
between  the  northern  and  southern  magnetio  hemisphere,  separating  the  opposite  pheno- 
mena of  the  diurnal  changes,  and  dividing  the  forces  whioh  attract  the  north  end  of  the 
needle  from  those  whioh  attract  the  south  end. 

The  force  is  of  unequal  intensity  in  its  several  parts.  This  equator  sepa- 
rates the  forces  which  attract  the  north  end  of  a  magnetic  needle  from  Ihose 
which  attract  the  south  end,  and  is  the  true  line  of  separation  between  the 
northern  and  southern  magnetio  hemispheres. 

£49.  Unes  of  Bqual  Magnetic  Intensity,  or  Zsodynamlc 
Uses. — ^Intermediate  to  the  foci  and  Dynamic  Equator  are  lines  pasBing 
through  all  the  points  where  the  magnetic  intensity  is  the  same,  these  are 
called  LinM  of  Equal  Magnetic  Intcmity^  or  Icodynamic  Zinsc.  In  each  hemi- 
sphere they  first  form  a  series  of  ovals  roimd  each  of  the  foci  there  situated, 
having  their  mi^r  axis  in  the  line  joining  the  two  tocL  At  a  greate  sweep 
H  pair  of  ihea^  ovals  join  and  form  a  figure  00,  MdezieriertdtliUi 
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oii7?8e  eenoompass  both  foci.  These  are  first  much  inflected  towards  the 
point  of  juncture,  but  become  more  regular  as  they  approach  the  Dynamic 
Equator. 

The  li^es  of  equal  horizontal  force  approximate  also  to  the  parallels  of  latitude,  but  not 
■0  nearly  as  thoee  of  equal  dip. 

The  greatest  horisontajl  force  is  near  the  Equator,  as  should  be  the  case  even  if  the  total 
force  were  everywhere  constant,  since  as  the  dip  decreases  the  horizontal  component  of  the 
ibvoe  most  increase. 

The  magnetic  force  increases,  generally,  in  proceeding  from  the  tropics  northward  and 
wmthward,  and  attains  a  maximum  value  at  two  points,  or  /on,  in  each  hemisphere,  of 
nnequal  intensity. 

In  the  noxthem  hemisphere  the  posiijon  of  the  stronger  focus  has  heen  very  exactly 
determined  by  G-eneral  Lbfboy.  It  is  situated  in  British  America,  in  lat.  52°  19  N.,  long. 
9a**  W.  The  place  of  the  weaker  or  Siberean  focus,  as  deduced  from  the  observations  of 
Eeman,  is  situated  in  lat.  59''  44'  N.,  long.  118*  E.  The  ratio  of  the  forces  at  the  two  fid 
is  that  of  i***o7  to  i**.  The  weaker  foous  appears  to  have  changed  its  place  very  considerably 
nnee  the  invest^tions  of  Hallbt,  so  far  as  its  position  may  be  infened  from  the  isogontc 
lines,  while  that  of  the  stronger  pole  has  varied  Uttle. 

The  two  southern  fid  are  much  nearer  to  one  another.  Their  positions,  as  deduced  from 
the  observations  of  Sir  Jambs  Boss  in  his  Antarctic  voyage  are,  the  strongs  in  lat.  64'*  S.> 
long.  13S*  E.,  and  the  weaker  in  nearly  the  same  latitude,  and  in  long.  195*  W.  The 
interval  of  longitude  is  accordingly  less  than  100**.  The  positions  of  the  principal  poles  of 
force  in  both  hemispheres  are  different  for  the  points  of  90**  inclination,  and  are  more 
distant  from  the  terrestrial  poles.  The  isodynamio  Hues  as  they  approach  these  fid,  form 
dosed  corves.  The  observations  in  the  soothein  hemtophera  are  not  as  jet  sufficient  to 
separate  the  curves  which  encompass  the  two  fid. 

The  line  of  W0ak$$tfirc$  on  the  glojbe  has  been  traced  with  great  care  by  (General  SABim. 
It  is  1^1  irregular  Hne,  lying  for  this  most  part  to  the  south  of  the  terrestrial  equator.  It 
reaches  its  maximum  of  northern  latitude  in  the  Pacific  Ocean,  in  about  165^*  E.,  long., 
where  tt  attains  the  latitude  of  14**  |i'.  Its  southern  limit  lies  in  the  Atlantic  Ocean,  in 
about  2cP  W.  long.,  where  it  touchy  the  tropic  of  Oaprioom.  It  is  not  a  line  of  equal 
intensi^ ;  on  the  conteary,  it  intersects  the  weske^  isodynamio  lines,  whigi^  appear  to  form 
loops,  in  two  points»  one  in  the  Atlantic  and  the  othei:  in  the  Pacific  Oceaeu 

The  least  intensity  observed  by  HtTMBOLDT  wa^  on  a  point  in  the  magpiatio  equator,  in 
latitude  7*  a'  S.,  and  longitude  8i*»  8'  W.,  from  Paris.  The  magnetic  equator  was  then 
suppoasd  to  be  the  locus  of  Uast  inttndtf,  and  also  an  isodynamio  line ;  and  it  was  accor- 
dingly infened  that  the  intensity  thus  observed  was  an  abaokUo  nUniimm.  Humboldt 
aooordingly  referred  all  the  other  intensities  observed  by  him  to  this,  as  the  unit;  and 
in  this  practice  he  has  been  followed  by  other  observers.  We  now  know,  chiefly  by  the 
labours  of  General  Sabqcs,  that  none  of  these  assumptions  are  true;  that  td^e  line  of  least 
intsii8i;ty  does  not  coincide  with  the  magnetic  equator,  and  that  neither  of  these  lines 
Is  an  iaotfynamio  line.  Hence  the  unit  of  force  thus  adopted  is  purely  arbitrary.  The 
inteiistty  of  the  force  at  Paris,  referred  to  the  unit»  is  1*348.  The  comparison  of  the 
foroes  at  London  ai^d  Paris  was  made  by  Sabikb,  with  great  care,  in  1827.  The  force  in 
London  thus  inferred  is  i'37s.  The  foroes  at  other  places,  which  have  been  compared  by 
observation  with  mther  Paris  or  London,  are  by  means  of  these  numbers  reduced  to  the 
same  unit.  The  intensity  of  the  stronger  magnetic  focus  has  been  found  by  G^eneral 
LuFEOT  to  be  1*88 ;  that  of  the  weaker,  as  determined  by  Hakstsbn  and  Ebman,  as  1*75. 
T3ie  intensities  d  the  two  southern  foci,  as  determined  by  Sir  Jambs  Boss,  are  a*o6  and 
V96  respeptively. 

The  Admiralty  (England)  have  published  charts  by  Oapt.  Evans,  F.B.8.,  showing  the 
ipsga^tio  sMMttts*    Tkej  are  constructed  on  Meceator's  principle^  and  a  Ibe  is  drawn  at 
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intdiralfl  of  one  degree  through  all  places  haTing  the  tame  yariatioii.  On  anoih« 
Mercator's  chart  lines  are  drawn  through  places  having  the  same  dip  or  inclination.  On 
a  third  chart  lines  are  drawn  through  places  which  have  the  same  magnetic  intensity. 

250b  Terrestrial  magnetism  is  influenoed  by  causes  which  render  its 
phenomena  subject  to  variation  and  changes  affecting  both  its  direction  and 
intensity.  There  are  Secular  Variatumi  which  take  centuries  to  run  their 
course,  and  the  causes  of  which  are  as  yet  unknown.  There  are  also  PmoUc 
Variaiumt  which  run  through  their  course  in  ascertained  periods,  and  which 
can  be  traced  to  their  causes.  Again,  there  is  the  Sorairy  or  Diurnal  Vkruh 
tiOBf  which,  like  the  tides,  goes  through  the  changes  twice  in  the  twenty- 
four  hours.    Once  more,  there  are  Transient  Perturbaiians. 

251.  Variations  in  Declination.— The  declination  of  the  mag- 
netic needle,  which,  as  already  mentioned,  varies  in  different  places,  is  at 
present  west  in  Europe  and  in  Africa,  but  east  in  Asia  and  in  the  greater 
part  of  North  and  South  America. 

252.  Secular  Variation. — ^In  the  same  place  the  declination  varies 
in  the  course  of  time,  and  the  needle  appears  to  make  oscillations  to  the  east 
and  west  of  the  meridian,  the  duration  of  which  is  several  centuries.  The 
following  Table  exhibits  the  character  and  rate  of  this  change  at  London, 
where  the  declination  has  been  observed  at  intervals  since  the  latter  part  of 
the  sixteenth  century. 


Table  of  Secular  Magnetic  Variations. 

Year. 

DedUnation. 

TlMilfal«««« 

1576 

7«^  50' 

1580 

ii*»  17' B. 

1600 

7a      0 

i6aa 

6    la 

1634 

40 

1657 

0     0  min. 

1676 

3      0  W. 

73    30 

1705 

9      0 

1720 

13      0 

74    4a  max. 

1760 

19    30 

\1^ 

24  "6 

72      8 
70    35 

1816 

24    30  max. 

1830 

24      2 

69      3 

:iii 

23      0 

ao    33 

68      2 

1878 

19     14 
18    40 

67    43 

1880 

67    40 

1888 

17    40 

67    25P 

Thus  we  see  that  the  declination  was  easterly  at  London  from  1 980  to  1657, 
at  which  latter  epoch  it  vanished,  and  the  magnetic  meridian  coincided  with 
the  astronomical.  After  the  year  1660,  the  declination  became  westerly,  and 
attamed  its  maximum  wester!^  value,  vii.,  24^  27",  imLoudmiiuAeyeariSijf 
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or  won  after.  Sinoe  that  time  westerly  declination  has  been  diminishing^ 
and  the  magnetic  meridian  been  approaching  the  astronomical  in  the  opposite 
direction,  though  so  slowly  that  it  wonld  be  rash  to  predict  when,  or  eyen  if^ 
0  will  be  reached.  It  diminishes  in  England  at  about  the  rate  of  Y  per  year^ 
and  should  this  continue  the  needle  will  again  point  true  north,  makhig  a 
complete  cyde  of  change  in  about  320  years. 

Similar  phenomena  have  been  observed  at  Paris.  These  observations 
show  distinctly  an  easterly  maximum  in  or  about  the  year  1 580.  The  epoch 
of  no  declination  at  Paris  was  the  year  1 669.  That  of  the  westerly  maximum 
was  in  the  year  1814. 

It  appears,  according  to  the  Table  of  Secular  Magnetic  Variation  above, 
that  the  IneUfMtion  in  1576  was  71°  50',  and  it  slowly  increased  till  1720, 
when  the  angle  of  dip  reached  the  maximum  value  of  74^  42'.  It  has  once 
steadily  diminished  to  its  present  value  of  67^  39 .  The  period  in  which  the 
cyde  is  completed  is  not  known,  but  the  rate  of  variation  of  the  dip  is  less 
at  the  present  time  than  it  was  fifty  years  ago.  In  all  parts  of  the  earth 
both  declination  and  inclination  are  changing  similarly.  The  foregoing 
table  gives  the  data  of  the  secular  changes  at  London. 

The  following  table,  extracted  from  that  given  by  General  Sabxitb  in  the 
first  volume  of  the  Gape  Observations,  exhibits  the  nature  of  the  secular 
change  at  that  station  from  a  very  remote  period. 

Secular  Changes  of  Deellnatlon  at  the  Cape  of  Ck>od  Hope. 


Ten. 

BeoUaation. 

Tear. 

DeoUnatton. 

1605 

oPjo'E. 

1753 

i9«  0'  W. 

1609 

0  la  W. 

1768 

19  30 

163a 

a    0 

1780 

aa  16 

1675 

8  14 

179a 

^4  3» 

I69I 

XI     0 

x8i8 

a6  31 

17*4 

x6  a3 

1836 

a8  38 

From  the  foregoing  observations  it  appears  that  the  north  end  of  the 
needle  has  moved  at  the  Oape  towards  the  west  from  the  time  of  the  earliest 
observation.  The  rate  is  nearly  uniform,  the  annual  amoimt  of  the  secular 
change  being  /  56".  The  magnetic  meridian  coincided  with  the  astronomical 
in  or  about  the  year  1607. 


Daily  VariatloiUh— Besides  this  (secular)  change  there  is  a 
daily  variation  in  declination,  of  such  a  nature  that  the  needle  in  the  twenty- 
four  hours  passes  twice  through  its  mean  position.  Oommendng  shortly 
after  midnight  the  N.-seeking  pole  moves  to  the  East;  at  about  a  quarter 
past  seven  it  is  about  6'  or  y'  from  its  mean.  It  then  travels  back  again  and 
passes  the  mean  magnetic  meridian  at  about  ten  o'clock.  Still  travelling 
westward,  at  about  one  o'clock  it  reaches  its  extreme  daily  westerly  excursion, 
which  may  be  as  much  as  3^  from  the  mean.  It  then  begins  to  move  east- 
ward; it  passes  Ae  mean  at  abeutiva  or  six  in  the  aOermoon,  and  continues 


Digiti: 


zed  by  Google 


m 


^^Amm^^MC 


i^wly  till  aboat  tea  or  eleTOO,  probably  raallj  all  oight ;  but  between  ten  or 
^even  at  nigbt  and  one  or  two  in  the  morning  the  motion  is  inBensible*  Tha 
i^t  morning  movement  ie  in  the  same  direotion  aa  the  last  lenaible  evening 
ifUKtion.  Thus  the  westerly  deoUnation  is  greater  during  the  warmer  part  of 
tjiedfiy. 

Further,  having  eliminated  the  seonlar  and  diurnal  variations  of  deoUna- 
tion, there  is  said  to  be  anotheip  following  the  seasons,  and  which  may  be 
oalled  a  solstioial  variation.  The  data  are  at  present  somewhat  insnfioieiijb 
and,  indeed,  oontradictory.  The  balance  of  evidence  seems  to  show  that 
there  is  an  excess  of  declination  in  the  months  from  September  to  Mai^ 
inclusive,  and  a  defect  from  April  to  August  inclusive ;  and  that  this  is  ijae 
case  in  botk  hemispheres. 

284L  In  the  southern  hemisphere  the  iimih  end  (bhe  pole)  of  the  needle 
dips ;  and  the  inclination  has  inoreased  from  the  time  of  the  earliest  observa- 
tions. Xhe  following  are  the  observations  of  south  inclination  made  at  &e 
Oape  of  Oood  Hope  since  the  middle  of  the  last  century. 

Secular  CSbang^s  of  tbe  XncUaatlon  at  fhe 
Cape  Qt  CH>o4  Blope. 


Tear, 

InoImatLon. 

ObMrrer. 

I7SI 

43^0' 

lAOaiUe. 

I77P 

44  as 

Ekebetg. 

1780 

46^6 

^f^- 

1791 
1818 

48  30 
50  47 

vs&ooiiver. 
EreoBTiiet 

1836 

f,^ 

Pitwoy. 

1S40 

Bm. 

288.  Diurnal  Variat^^n  In  Dip.— The  dip  i^  also  subject  to 
slight  annual  and  diurnal  variation,  being,  according  to  HAirsmif,  about  ^ 
greater  in  summer  than  in  winter,  and  4'  or  5'  greater  before  noon  than  after. 
Ti^dng  a  whole  year  and  the  mean  dip  at  half-past  twelye,  whioh  i^tlp^  tiipe 
of  s^iinimum,  the  dip  at  eight  is  i^'6  greater.  Henqe  it  dimlnidxef,  with. 
BOijie  fluctuations,  at  about  9  p.m.,  till  midnight.  But  the  Ipurly  fp^l^'^ft 
^e  different  for  different  months,  thus : — 

In  July  the  mezlmuii^  is  at  S  A.K. 

,'!  Slflpl^inliec  ,*;  $:  " 

„  Ootobpy  „  ^  „ 

I,  November  „  i  ^ 

,i  December  ,,  9  ,. 


In  January  the 

maximum  is  at  9  a.m. 

„  February 

n                      7     w 

„  Maroh 

n                    7     » 

:^ 

n                    7     i> 
ff                    9     ff 

„  June 

ff                    9     ff 

Z^€m  Xnteosity.— The  foci  of  magnetic  intensity,  with  thei^  eystWft: 
of  cujTTes,  are  moying  along  th^  two  hemispheres  in  djlfferent  diDeotionsb 
tiiose  in  the  northern  hemisphere  goiog  ijpqm  west  to  e^t,  thos^  in  tha 
southern  from  east  to  west ;  and  as  the  foci  moye  with  different  miqijf^^ 
l^e  fonpsy  as  well  a^  the  position  of  the  c^es,  are  contpufiUy  chsffgingi 
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In  the  Britifih  Lslands  the  total  force  is  greatest  in  June  and  least  in 
Fefaroary ;  but  in  the  southern  hemispheroi  in  Tasmania,  the  reverse  is  the 
ease. 

2S7.  Eleven-irear  Period.— General  Sabihb  disoovered  that  there 
is  a  larger  amount  of  variation  of  the  declination  occurring  about  once  evexy 
eleven  years.  Sohwabb  noticed  that  the  recurrence  of  these  periods  coincided 
with  the  eleven-year  periods  at  which  there  is  a  maximum  of  tpoU  on  the 
sun.  Prof.  Balfoub,  Stswabt,  and  others  have  endeavoured  to  trace  a 
similar  periodicity  in  the  recurrence  of  anrorce  and  of  other  phenomena. 

ftSStf  BKagnetie  Stormg.— But  over  and  above  all  regular  and 
periodic  changes  there  is  a  large  amount  of  irregular  fluctuation^  whidt 
occasionally  becomes  so  great  as  to  constitute  what  is  called  a  ma^fnetic  storm. 
ICagnetio  storms  ''are  not  connected  with  thunder  storms,  or  any  other 
known  disturbance  of  the  atmosphere ;  but  they  are  invariably  connected 
with  exhibitions  of  aurora  borealis,  and  with  spontaneous  galvanic  currents 
in  the  ordinary  telegraph  wires ;  and  this  connection  is  foimd  to  be  so  certaiui 
that  upon  remarking  ilie  display  of  one  of  the  three  classes  of  phenomena  we 
can  at  once  assert  that  the  other  two  are  observable  (the  aurora  borealis 
sometimes  not  visible  here,  but  certainly  visible  in  a  more  northern  latitude)."* 
They  are  sensibly  the  same  at  stations  miles  apart,  for  example,  at  Greenwich 
and  Kew,  and  they  affect  the  direction  and  amoimt  of  horizontal  much  more 
than  vertical  force. 

The  phenomenozi  of  earth  currents  appears  to  be  conneoted  with  that  of  the  changes  in 
the  earth's  magnetism,  and  oan  be  observed  whenever  there  is  a  display  of  aurora,  and 
during  a  magnetio  storm ;  but  it  is  not  yet  determined  whether  these  dunents  are  due  to 
t&e  variatlOB  in  Hke  magnetism  of  the  earth,  or  whether  these  variations  SM  dii6  to  tfas 
emnents.  .It  is  known  that  the  evaporation  always  going  on  in  the  tropics  causes  the 
aeoeDding  currents  of  heated  air  to  be  electrified  positively  relatively  to  the  earth.  These 
air-currents  travel  northward  and  southward  toward  the  polar  region  where  they  descend. 
Hiese  streams  of  electrified  air  will  act  like  true  electric  currents,  and  as  the  earth  rotates. 
Within  them  it  will  be  acted  upon  magnetically.  Whether  this  will  account  for  the  gradual 
growth  of  the  earth's  magnetism  is  an  open  question.  The  action  of  the  sun  and  moon  fa 
nUttig  tides  in  the  atmosphere  might  also  account  for  the  varistions  mentioned.  It  it  ftrn^ 
portant  to  note  that  in  all  magnetic  storms  the  intensity  of  the  pertnrbadons  is  greatest  in 
the  regions  nearest  the  poles;  also  that  the  magnetic  poles  coincide  very  nenrly  with  the 
fegiont  of  grAtest  cold ;  that  the  region  where  the  aurom  are  seen  fai  gredtost  abundance 
is  a  region  lyiD^  nearly  symmetriorily  round  the  magnetio  pcde. 

•  AiST  <m  Ma^mHmi^  page  204. 
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DEVIATION  OF  THE  COMPASS. 


259a  One  of  fhe  most  practical,  as  also  one  of  the  most  useful,  purposes 
to  which  the  laws  explained  in  the  preceding  chapters  of  this  work  can  be 
applied,  is  to  find  the  effects  of  the  iron  used  in  the  construction  of  ships  on 
the  compasses  placed  in  them ;  and  the  reader  who  thoroughly  imderstands 
these  laws  will  have  no  difficulty  in  deducing  the  results  which  follow. 

260>  The  iron  of  which  a  ship  is  constructed  is  neither  wholly  hard  nor 
wholly  sofb,  but  of  an  intermediate  character;  and  the  more  nearly  it 
approximates  to  hard  the  more  capable  it  is  of  the  retention  of  magnetism 
when  it  has  been  subjected  to  any  process  of  magnetisation.  In  an  iron  ship 
intense  magnetism  is  developed  by  the  bending,  twisting,  and  hammering  to 
which  the  iron  is  subjected ;  N.  {rei)  magnetism  being  developed  in  the  part 
of  a  ship  which  is  below  and  towards  the  north,  and  8.  {hlu$)  magnetism  in 
the  part  which  is  above  and  towards  the  south ;  and  so  far  as  the  hull  is 
concerned  it  is  of  that  kind  which  is  now  called  sub-permanent,  because  it 
has  not  the  precise  consistency  of  a  steel  bar  magnet 

261a  In  the  northern  hemisphere  all  vertical  or  upright  bars,  such  as 
stanchions  and  angle-irons  composing  the  frames  of  ships,  are  magnetised  by 
induction,  the  lower  ends  being  north  {r$d)  poles,  the  upper  ends  south  (Jblm) 
pdes,  flie  upper  end  attracting  the  north  pole  of  the  needle  held  near  tliem* 
On  the  other  hand,  in  the  southern  hemisphere,  these  conditions  are  reversed ; 
the  upper  ends  of  vertical  iron  are  north  poles,  repelling  the  north  pole  of  a 
compass  needle  and  attracting  the*  south  pole.  On  the  magnetic  equator, 
where  there  is  no  dip,  vertical  soft  iron  has  no  polarity,  because  its  position 
is  at  right-angles  to  the  earth's  line  of  force  or  dip.  It  is  different  with 
horizontal  pieces  of  soft  iron ;  they  exert  the  same  influence  on  a  compass 
needle  in  both  hemispheres,  and  in  all  latitudes. 

The  hull  of  an  iron  ship  acts  as  a  permanent  magnet  on  compasses  placed 
outside  the  vessel  as  well  as  those  placed  inside ;  an  iron  ship  must  therefore 
be  viewed  in  its  effect  on  a  properly  placed  magnet  rather  as  one  great 
magnet,  than  as  an  aggregation  of  smaller  magnets. 

Keeping  in  view  that  the  inductive  effect  from  the  earth's  magnetism  is 
greatest  in  the  line  of  the  dip,  and  the  existence  of  a  neutral  equatorial 
plane  at  right-angles  to  the  line  of  dip  in  spherical  bodies,  we  are  prepared 
to  see  that  each  iron  ship  must  have  a  distinct  distribution  of  magnetism 
depending  on  the  place  of  building,  and  the  direction  of  the  head  and  keel 
while  building;  the  ship's  polar  axis  and  equatorial  plane  conforming  more 
or  less  to  the  line  of  dip  of  the  earth  at  the  place  where  built,  and  a  plane  at 
right-angles  to  that  line ;  abundant  observation  and  experiment  have  proved 
this  important  general  principle. 
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262.  To  illustrate  this  prinoiple :  let  ns  suppose,  as  in  the  following 
Figs.  77,  78,  79,  and  80,  that  four  iron  ships,  or  four  oomposite-built  ships, 
with  ribs,  beams,  stanchions,  and  deok  girders  of  iron,  are  building  on  the 
eardinal  points  of  the  compass,  in  a  port  in  England  where  the  line  of  the 
earth's  total  magnetic  force  is  inclined  70°  to  the  earth's  horizontal  magnetic 
force,  or  in  other  words,  where  the  dip  of  the  needle  is  70^ 

Fig.  77  shows  the  magnetic  state  of  a  ship  built  head  North  magnetic. 
The  line  marked  Dip  passes  through  the  centre  of  the  ship;  it  shows  the 
direction  of  the  line  of  the  earth's  magnetic  force.  The  line  marked  Equa- 
torial or  Neutral  line  is  the  line  of  no  deviation,  and  runs  at  right-angles  to 
the  Dip.    The  after  body  of  the  ship,  or  the  portion  which  is  shaded,  has 


Fig.  77.    Head  NcrOi  while  ImOding* 

S.  {the)  polarity,  and  the  fore  body,  or  white  portion  of  the  figure,  N.  {r$d) 
polarity;  the  upper  part  of  the  stem  would  have  the  S.  (IM)  polarity 
deyeloped  in  a  high  degree ;  the  lower  part  of  the  bows  would  hare  the  N. 
(fid)  polarity  equally  developed.  At  the  stem  the  north  end  of  a  compass 
needle  would  be  strongly  attracted;  at  the  bow  the  south  end  of  the  needle 
would  be  strongly  attracted ;  while  a  compass  placed  outside  of  the  ship's 
topsides,  above  the  line  of  no  deviation,  the  north  end  of  the  needle  will  be 
attracted ;  if  it  be  placed  below  that  line  the  north  end  of  the  needle  will  be 
repelled  and  the  south  end  attracted,  in  accordance  with  the  law  of  magnetism. 

Fig.  78  represents  the  magnetic  condition  of  a  ship  built  head  south.  It 
will  be  seen  by  comparing  Fig.  78  with  Fig.  77  that  the  conditions  are  reversed ; 
in  Fig.  77  the  magnetism  of  the  after  body  of  the  ship  is  south  (hhu),  while  in 
Fig.  78  the  after  part  of  the  ship  possesses  north  {red)  polarity ;  now  the  fore 
body  of  the  ship  has  8.  {blue)  polarity,  while  in  Fig.  77  it  has  N.  {r$d)  polarity ; 
the  upper  part  of  the  bow  has  8.  {blue)  polarity  developed  in  a  high  degree 
and  the  lower  part  of  the  stem  N.  {red)  polarity  equally  developed.  The  N. 
[red)  polarity  of  the  stem  repels  the  north  end  of  the  compass  needle,  and  the 
8.  [blue]  polarity  of  the  bow  attracts  it.  The  dotted  line  crossing  the  equa- 
torial line  in  Figs.  77  and  78  shows  the  probable  position  of  the  neutral  Una 
after  the  ship  has  been  sometime  afloat,  with  her  head  in  an  opposite  direo^ 
tion  to  that  in  which  she.was  built,  or  after  she  hadsuide  a  Toy^ge. 

XX 
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Fig.  78.    Head  South  while  biqldliig. 

The  place  of  littte  or  no  deviation  in  a  ship  bnilt  head  north  is  towards  the 
boW|  but  in  a  ship  btiilt  head  south,  towards^the  stem. 


IT 


Fig.  79*    Head  East  while  building. 

Fig.  79  is  intended  to  show  the  magnetic  state  of  a  ship  bnilt  head  Bast. 
The  whole  of  the  upper  part  of  the  ship  has  S.  (Uw)  polarity;  the  whole  of 
the  lower  part  has  N.  (r#i)  polarity ;  but  the  S.  {Uu$)  polarity  predominates 
x>n  the  starboard  side,  and  the  north  end  of  a  compass  needle,  if  carried  at 
the  usual  height  of  a  compass  along  the  amidship  line  of  the  upper  deck  from 
end  to  end,  is  attracted  to  the  starboard  side. 

In  Fig.  80,  ship  built  head  West,  the  magnetic  conditions  of  Fig.  79,  head 
East,  are  reversed ;  the  whole  of  the  upper  part  of  the  ship  has  still  8.  {hhu) 
polarity,  and  the  lower  N.  {r^d)  polarity ;  but  the  magnetism  of  the  port  side 
of  the  upper  works  is  developed  in  a  higher  degree  than  the  starboard  side^ 
and  the  N.  end  of  a  compass  needle,  if  carried  along  the  upper  deck  freia 
end  to  end|  would  be  attracted  to  the  {tort  side.    In  other  words,  in  tiiest 
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Fig.  80.  Head  West  while  building. 
BhipB  the  whole  of  their  decks  have  a  8.  {hlw)  polarity,  yet  in  that  part  which 
was  North  while  the  ship  was  being  built,  this  S.  {hlu$)  polarity  is  developed 
in  a  lees  degree  than  on  the  opposite  side,  consequently  the  N.  point  of  the 
compass  is  drawn  towards  that  part  of  the  ship  in  which  the  S.  {bltu)  polarity 
is  deyeloped  in  the  highest  degree. 

TiMoretkally,  there  should  be  no  spot  of  no  deviation  on  ttie  deck  of  ships 
Wilt  BmI  or  West.* 

Tkis  iispoeition  «f  magnetism,  and  its  results  as  here  described,  appertain 
to  the  noTthem  hemisphere.     « 

The  diminution  of  the  directive  force  is  greater  if  the  ship  has  been  built 
East  and  West  than  if  built  North  and  South ;  also  the  deviation  is  less 
[|y»metrical,  regular,  and  permanent  than  those  of  a  ship  bu3t  North  and 
South. 

.  The  squatoiial  or  neutral  line  rising  to  the  deck  forward  in  ships  bnilt 
head  North,  and  aft  in  ships  built  head  South,  might  lead  to  tiie  sfupposilionr 
that  a  compass  placed  in  one  or  the  other  position  would  not  be  effeotod  by 
the  magnetism  of  the  ship;  it  is  well  to  place  a  compass  aft  in  ships  built 
bead  South,  and  as  far  forward  as  possible  head  North.    But  the  line  or 

*  From  the  speoial  maffnetio  properties  developed  in  a  ihip  aeeordinf  to  her  poeitioit 
when  building,  it  follows  that  a  compass  aft,  in  the  usual  plaoe  of  the  steering  binnacle,  the 
tkmmcimr  of  the  deviatioB-><AMif  4  not  ih$  smoMiif— may  be  approximately  represented  in  a 
tsbilar  Inffl*  as  fellows : — 

Anpttizfanat6  aastorly  dcylatlon  ooonrs      MSatinnioi  WBttatly  dsriawMk 
WBiinBhlp'sheadbyooaipaMisBflw   whsnihip»ihead^oi»nf—tiataf 
N.  W.  B. 

N.B.  N.W.  8.B. 

£.  N.  & 

8.B.  K.B.  S.W. 

8.  B.  W. 

8.W.  8.B.  N.W. 

W.  8.  N. 

N.W.  8.W.  NJB. 
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space  along  which  the  magnetism  of  the  ship  has  no  inflaence  on  the  compass 
is  not  easily  discoveredy  and  if  it  were  ascertained  for  any  given  latitude  it 
wonld  be  found  to  have  changed  on  reaching  another  magnetic  latitude.* 

Fig.  8 1  represents  an  iron  ship  built  head  North  in  Australia,  with  a  dip 
of  about  68^  South.  In  this  ship  the  shaded  part  showing  8.  polarity  lies 
below  the  equatorial  line.  It  will  be  useful  to  compare  this  figure  with 
Fig.  77,  and  mark  the  difference  in  the  magnetic  state  of  the  two  ships* 


Fig.  8 1.  Head  North  at  Australia. 
.  A  little  attention  to  the  above  diagrams  willjgive  the  seaman  a  rough 
idea  of  the  distribution  of  magnetism  in  iron  ships ;  but  it  must  be  borne  in 
mind  that  all  large  detached  pieces  of  iron  in  a  ship,  such  as  iron  masts, 
funnels,  cylinders,  and  other  masses  of  vertical  iron,  are  independent  mag* 
nets;  in  north  magnetic  latitude,  their  lower  ends  being  north  poles,  their 
upper  ends  south  poles. 

The  compasses  of  composite  ships  with  iron  firames  and  iron  deck  beamS| 
are  affected  in  the  same  way  as  those  of  ships  built  wholly  of  iron. 

£C3a  The  errors  of  the  compass  may  be  classed  imder  the  heads  Varia- 
tion, Deviation,  or  Local  Attraction. 

264i>  Variation  is  the  angle  included  between  a  magnetic  and  ter- 
restrial meridian.  This  error  arises  from  the  magnetic  poles  not  being 
coincident  with  geographical  ones,  and  is  due  entirely  to  the  influence  of  the 
earth  on  magnetic  needles  (see  pages  75  and  96). 

•  There  U  a  very  oommoa  error  prevalent  respectiDg  the  best  position  on  the  ship's  deck 
for  a  oompass.  Some  of  the  earliest  writers  lay  it  down  as  an  axiom  that  on  the  deok  of 
all  iron  ships  there  is  a  neutral  j^int  which  should  be  sought  out  for  the  fixing  of  a  oompass* 
That  an  apparently  neutral  point  does  frequentlf  exist  is  admitted.  But  tnis  rery  point 
is  most  frequently  a  very  dangerous  position  for  fixing  a  compass.  It  is  neutral  only  while 
the  ship  is  in  one  locality.  For  examj^le,  in  the  S.S.  **  Fidelia,'*  in  Table  Bay,  just  before 
the  saloon  skylight,  there  was  no  deviation.  "There  existed  sub-permanent  magnetism 
B  =:  +  34%  and.induoed  magnetism  in  vertioal  iron  B  =  —  34%  and  the  resultant  of  these 
two  errors  was  therefore  aero.  But  had  she  returned  to  Sunderland  the  B  ^  ^  34°  would 
have  been  changed  to  B  ^  4~  5'^>  which,  when  compounded  with  the  results  of  sub- 
permanent  magnetism,  would  have  produced  a  horiiontal  foroe  exceeding  that  of  the 
earth's.^ 
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2C8.  SeTiatlon  is  the  angle  by  which  the  needle  is  defleoted  f rom 
the  magnetic  north  by  the  action  of  the  iron  of  a  ship ;  that  is,  the  angle 
indnded  between  the  magnetic  meridian  and  a  plane  passing  through  the 
poles  of  a  compass  needle. 

The  deviation  is  named  East  or  West  according  as  the  north  point  of  the 
compass  so  disturbed  is  to  the  east  or  west  of  its  natural  position. 

2i6C*  Irf>cal  Attraction  is  the  error  caused  by  some  disturbing 
force  unconnected  with  the  ship  itself,  or  cargo,  but  belonging  entirely  to 
the  locality,  such  as  iron  cranes,  mooring  posts  or  chains,  an  iron  vessel 
near,  &c. ;  or  volcanic  or  other  magnetic  bodies  like  those  found  in  Elba, 
St.  Helena,  ftc. 

Deviation  is  distinguishable  from  the  other  two  errors  by  its  depending, 
both  for  amount  and  direction,  on  the  position  of  the  ship's  head  and  the 
angle  at  which  the  ship  is  heeled;  whilst  the  other  two  are  independent  of 
the  action  of  the  ship. 

£67.  Bow  CompaseeB  act  In  Iron  Ships.— In  the  case  of  iron 
ships,  as  in  that  of  iron  bars  (page  322),  percussion  and  vibration,  by  ham- 
mering  in  rivetting,  render  the  iron  of  which  the  vessel  is  constructed  more 
susceptible  to  the  inductive  force  of  the  earth,  and  causes  the  magnetism, 
which  the  iron  of  the  ship  thus  acquires,  to  partake  more  of  the  character  of 
permanent  magnetism.  Still  this  magnetism,  after  laimching,  imdergoes  a 
oonsiderable  diminution  by  being  submitted  to  percussion,  with  the  ship's 
head  in  a  different  position  to  that  in  which  it  was  when  she  was  being  built, 
and  especially  if  in  a  contrary  direction.  But  the  iron  of  which  a  ship  is 
constructed  always  retains  a  large  amount  of  this  magnetism  as  long  as  it 
remains  in  the  form  of  a  ship,  and  for  this  reason,  as,  also,  to  distinguish  it 
from  the  permanent  magnetism  of  steel  magnets,  it  has  received  the  name 
of  suk-permaneni  magnetism.  The  deviation  arising  from  sub-permanent 
magnetism  is  greater  than  that  which  is  the  result  of  transient  induced 
magnetism.  The  polarity  of  the  ship's  magnetism,  while  she  remains  on  the 
stocks,  takes  the  direction  of  the  earth's  line  of  force  or  dip,  and  its  efGdcts 
on  compasses  will  evidently  depend  on  the  direction  the  ship's  head  was 
whilst  being  built.  Taking  the  case  of  a  ship  built  head  north  (Fig.  77, 
page  337),  the  fore  part  of  the  ship  has  acquired  north  [r^d)  magnetism,  and 
its  action  will  be  precisely  the  same  as  that  of  the  north  pole  of  a  magnet; 
hence,  on  northerly  courses,  the  north  end  of  the  compass  needle  will  be 
repelled,  and  the  directive  power  of  the  needle  will  be  diminished.  On 
southerly  courses  the  north  end  of  the  needle  points  towards  the  stem,  which 
has  acquired  sub-permanent  south  magnetism,  then  the  directive  power  of 
the  needle  is  increased.  On  easterly  and  westerly  courses  the  effects  on  the 
compass  are  greatest,  since  the  force  acts  at  right  angles  to  the  needle; 
and  on  all  intermediate  positions  of  the  ship's  head  the  disturbances  due  to 
such  positions  are  intermediate.  As  the  ship's  head  is  brought  east  of  north, 
repulsion  of  the  north  end  of  the  needle  takes  place,  and  westerly  deviation 
is  the  result,  and  it  reaches  its  maximum  value  when  the  fore-and-aft  line  of 
the  ship  is  at  right-angles  to  the  needle ;  beyond  that  position  the  fore  part 
of  the  ship  attracts  the  south  end  of  the  needle,  and  westerly  deviation  is 
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Btill  the  result.  This  attraction  oontinaes  until  the  ship's  head  reaches  sooth, 
when  the  line  of  action  of  the  ship  lies  in  the  same  direetion  as  the  needle^ 
and  no  disturbance  occurs,  but  the  directiye  power  of  flie  needle  is  greater. 
On  bringing  the  ship's  head  round  west  of  south,  the  south  pole  of  the 
needle  atiU  continues  to  be  attracted,  which  causes  easterly  deviation,  and  it 
again  attains  its  maximum  when  the  fore-and-aft  line  of  the  ship  is  at  right- 
angles  to  the  disturbed  needle ;  this  must  occur  to  the  north  of  west.  After 
thfit  point  has  been  reached  by  the  ship's  head,  the  fore  part  of  the  ship 
repels  the  north  end  of  the  needle,  easterly  deviation  still  being  the  result 
until  the  ship's  head  is  again  at  north.  Thus  we  find  that  in  an  iron  ship 
as  her  head  is  moved  in  azimuth  round  an  entire  circle  the  disturbance  of  the 
compass  is  little  or  nothing  when  her  head  is  on  or  near  the  points  to  which 
her  head  or  stern  were  directed  while  building,  and  that  between  these  two 
points  are  two  semicircles,  in  one  of  which  the  deviation  is  westerly,  and  in 
the  other  easterly,  and  is  greatest,  or  maxmum^  in  each  case  when  the  ship's 
head  is  directed  to  the  points  of  the  compass  that  were  abeam  while  on  the 
building  slip,  t.^.,  occuring  at  that  point  where  the  disturbing  force  is  per- 
pendicular to  the  direction  of  the  deflected  needle;  and,  moreover,  for  the 
intermediate  parts  or  points  of  the  semicircle  the  deviation  will  be  propor- 
tional to  the  aine  of  the  azimuth  of  the  ship's  head,  reckoned  from,  the  point 
of  no  deviation  in  the  direction  of  the  maadmum.  Or,  again,  to  put  it  in 
another  way,  supposing  the  observer  to  be  standing  in  the  centre  of  the 
compass  looking  towards  the  direction  of  the  ship's  head  when  buildings  the 
semicircle  to  the  right  of  him  would  have  westerly,  and  that  to  the  left 
easterly,  deviation.  The  deviation  caused  by  sub-permanent  magnetism 
acquired  in  building,  and  the  effects  of  magnetism  induced  in  vertical 
iron,  has  received  the  name  of  Semlcirciilar  DeTiatloily  from  pro- 
ducing opposite  effects  when  the  ship's  head  is  on  opposite  semicircles  of 
the  compass,  as  the  ship's  head  moves  round  a  complete  circle  of  azimuth. 
The  part  due  to  sub-permanent  magnetism  remains  the  same  in  kind,  though 
different  in  amount,  in  all  latitudes  and  longitudes,  unless  the  ship  be 
subjected  to  strains  or  other  mechanical  violence.  The  part  caused  by  the 
magnetism  induced  in  vertical  iron  changes  with  a  change  of  geographical 
position,  or,  more  correctly,  as  the  dip  changes,  and  is  of  contrary  names  on 
opposite  sides  of  the  magnetic  equator,  that  is,  if  westerly  deviation  be 
produced  on  one  side,  easterly  will  be  produced  on  the  other.  At  the  mag- 
netic equator  the  earth's  magnetism  acts  horizontally,  and  vertical  soft  iron 
will  have  no  magnetism,  and  the  semicircular  deviation  arising  therefrom 
will  disappear. 

268-  Theoretical  aepresentation  of  the  Semioiroidar 
DeTiationu — If  we  place  a  magnet  before  the  compass  with  its  S.  end 
[hlue  pole)  turned  to  the  compass  it  will  draw  the  N.  end  {rod  pob)  ol  the 
needle  to  the  ship's  head,  and  as  the  ship  is  turned  round  there  will  be,  in 
the  first  or  eastern  semicircle,  a  deviation  of  the  north  point  of  the  compass 
to  the  right  hand  or  east ;  in  the  second  or  western  semicircle,  a  deviation  to 
the  left  hand  or  west.  This  would  produce  one  part  of  what  is  caUwl  the 
f  seqiciroQlar  "  deviation*  . , 
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If  we  place  a  soft  iron  rod  vertically  in  front  of  the  oompass,  with  its  npper 
end  at  the  level  of  the  oompass,  this  end  which  will  be  8.  {bJue  pole),  will 
attract  the  north  end  of  the  needle,  and  produce  a  deviation  of  ezacUy  the 
■ame  kind  as  the  magnet  we  have  deecribed  above  as  having  its  hbte  pole 
pointing  to  the  compass.  It  will,  therefore,  simply  increase  the  semicircular 
deviation  caused  by  the  magnet. 

If  the  N.  end  (red  pole)  of  the  magnet,  or  the  lower  end  of  the  rod  be 
nearest  the  compass— or  if  the  magnet  or  rod  be  abaft  the  compass,  an  effect 
of  the  same  kind,  but  in  an  opposite  direction,  will  be  produced. 

A  magnet  to  starboard  or  port  of  the  compass  will  produce  a  similar  effect 
to  that  already  described,  except  that  a  deviation  of  one  kind  will  be  produced 
when  the  ship's  head  is  in  the  northern  semicircle,  and  of  the  other  kind 
when  in  the  southern  semidrde.  This  is  the  other  part  of  the  ^'semicircular  " 
deviation. 

The  effect  of  the  two  magnets  and  the  one  iron  rod,  which  we  have  con- 
sidered make  up  the  whole  of  what  is  called  the  semicircular  deviation. 

2C9a  As  a  general  rule  the  magnetism  producing  semicircular  deviation, 
in  a  ship  built  in  north  magnetic  latitude,  attracts  the  north  end  of  a  oompass 
needle  to  that  part  of  a  ship  which  was  south  from  the  compass  while  build- 
ing; hence,  the  senuciroular  deviation  in  iron  ships  is  generally  represented 
by  the  effect  of  a  magnet  at  that  part  of  the  ship  which  was  south  in  building, 
with  its  south  end  towards  the  compass.  Thus,  in  a  ship  built  head  north, 
the  north  end  of  the  needle  is  drawn  towards  the  stem.  The  following  table 
will  show  the  part  of  a  ship  towards  which  the  north  end  of  a  needle  is 
generally  drawn,  that  is,  the  position  of  thd  permanent  south  pole  developed 
in  the  process  of  construction. 

North towards  the  stem. 

N.E „        starboard  quarter. 


starboard  side, 
starboard  bow. 
bows  or  right  ahead, 
port  bow. 
port  side, 
port  quarter. 


East 

S.B 

South 

0*  tV  .      ........... 

West 

N.W 

The  position  in  the  ship  from  which  the  polar  force  may  be  considered  as 
emanating  may  be  illustrated  by  the  following  figure,  representing  eight 
iron  ships  built  respectively  on  the  eight  principfd  points  of  the  compass. 
Seeping  in  view  the  principle  referred  to  in  a  former  paragraph,  that  the  N. 
end  of  the  compass  needle  is  attraeUd  to  that  part  of  the  ship  whioh  was  sotUh 
J^^om  the  pompom  while  huUding^  we  observed  of  the  figures  of  the  ships  the 
position  of  the  permanent  south  pole  developed  in  the  process  of  constmction 
narked  thus  •• 

In  the  ship  built  head  north  it  will  be  seen  that  the  N.  end  of  the  compass 
needle  is  drawn  to  a  point  on  the  stem  immediately  in  a  fore-and-aft  line ;  in 
At  i)ii|^]keiidN«S.i  to  apQu^t  9a  tih^  atfurboard  quarter  xoaUng  a«  apgle  of  4^^ 
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from  the  fore-and-aft  line ;  in  the  ship  head  East,  to  a  point  on  the  starboard 
side  abeam  of  the  compass ;  in  the  ship  head  8.E.,  to  a  point  on  the  starboard 
bow  at  an  angle  of  45^  from  the  fore-and-aft  line ;  in  the  ship  head  south, 
to  a  point  in  the  bow  immediately  in  a  fore-and-aft  line ;  and  so  on  for  the 
several  remaining  directions. 

Fig.  83  will  fiirther  illustrate  the  way  in  which  the  permanent  magnetism 
and  the  indnotive  magnetism  of  vertical  iron  acts  upon  the  compass  to  produce 
semicircular  deviation.  Let  it  bo  supposed  that  the  whole  of  the  south 
polarity  or  attractive  power  of  the  above  magnetism  is  concentrated  in  the 
point  P  on  the  port  quarter  of  a  ship  built  with  her  head  near  N.W.  The 
ship  is  supposed  to  be  swung  round  the  compass,  beginning  at  the  N.W. 
point.  The  small  circles  represent  the  compass,  Uie  thick  lines  N'  S  the  oompass 
aeedloi  the  dotted  lines  the  magnetic  meridian  or  the  direction  of  ih^  needle 
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Kg.  83. 
Magnetio. 

H9RTH 


WtST 


Bur 


South 


I  free  from  deviation.  Beginning  at  N.W.,  and  noting  the  position  of 
tilie  point  P,  it  will  be  obeerved  that  there  can  be  no  semidrcnlar  deviation 
wifli  ship's  head  in  that  direction,  because  the  attractive  force  of  the  ship's 
magnetism  at  the  point  P  is  in  a  line  with  the  compass  needle  N  8.  As  the 
•hip's  head  swings  round  towards  the  west,  the  relative  positions  of  the  point 
F  and  the  compass  needle  will  alter,  and  P  will  exert  a  polling  force  upon 
the  north  end  of  the  needle,  causing  it  to  deviate  to  the  right  from  N  to  N', 
ahown  in  the  figure  at  West.  The  easterly  deviation  will  increase  until  the 
ship's  head  swings  to  S.W.,  where  it  attains  its  greatest  or  maTimnm  amoimt. 
After  passing  S.W.  it  gradually  decreases  past  South  until  the  ship's  head 
seaehes  S.E.,  the  opposite  direction  to  that  in  which  her  head  was  builti  where 
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it  is  again  zero  or  nothing.  The  point  P  is  now  on  the  opposite  side  of  the 
compass  to  what  it  was  when  her  head  was  at  N.W.,  but  it  will  be  obserred 
that  it  is  in  a  line  with  the  needle,  and  can  exert  no  deviating  influence  over  it. 

As  the  ship  swings  with  her  head  towards  the  East,  the  needle  will 
gradually  be  drawn  to  the  left  hand,  until  the  westerly  deviation  attains  its 
maximum  at  N.E.  After  passing  N.E.  the  westerly  deviation  will  decrease 
past  North  until  the  ship's  head  again  reaches  N.W.,  at  which  point  there 
is  no  deviation.  A  very  slight  inspection  of  the  figure  will  show  that  in  the 
semicircle  from  N.W.  round  by  the  West  to  8.E.  the  deviation  is  easterly; 
while  in  the  semicircle,  or  half  the  compass,  from  S.E.  round  by  the  East, 
the  deviation  is  westerly.  The  above  is  merely  given  for  tho  sake  of  illus- 
tration, but  it  must  be  remembered  that  no  two  ships  are  alike  in  their 
influence  on  the  compass,  nor  will  the  ship's  magnetism  have  the  same  effect 
on  two  compasses  placed  on  different  parts  of  the  deck. 

270-  A  soft  iron  mass  and  horizontal  soft  iron  exert  a  wholly  different 
influence  on  the  compass  from  that  hitherto  described. 

The  effect  of  a  soft  iron  ball  on  the  needle  when  carried  round  the  compass 
in  the  same  horizontal  plane  is  illustrated  as  follows  (Fig.  84) : — * 

At  I  the  spherical  ball  of  soft  iron  lies  in  the  magnetic  meridian,  and 
North  of  the  compass ;  it  therefore,  according  to  the  law  of  like  poles  repelling 
and  unlike  poles  attracting,  produces  no  deviation,  but  the  directive  force  of 
the  needle  is  increased. 

At  2  the  sphere  lies  in  the  N.E.  quadrant,  and  consequently,  since  the 
attraction  is  to  the  right,  it  produces  E.  deviation  in  that  quadrant,  and  the 
directive  force  of  the  needle  is  increased. 

At  3  the  sphere  lies  East  of  the  compass,  and  at  right-angles  to  the  devia- 
tion of  the  needle,  where  it  produces  no  deviation,  but  still  increases  the 

directive  force. 

Fig.  84. 


♦  A  Traatiio  on  Martina,  by  Sir  O.  B.  Apnr, 
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-  At  4  the  sphere  lies  in  the  N.W.  quadrant,  and  since  the  attraction  is 
towards  the  left,  it  therefore  produces  W.  deviation  in  that  quadrant,  and 
the  directive  force  of  the  needle  is  increased. 

With  the  sphere  lying  at  i<>,  i*^,  3<>,  and  4<>,  the  effect  on  the  compass  will 
be  similar  to  that  of  the  respective  positions  i,  2,  3,  and  4 ;  that  is,  producing 
no  deviation  at  South  and  West,  easterly  deviation  in  the  S.W.  quadrant, 
and  westerly  deviation  in  the  S.E.  quadrant. 

From  the  preceding  remarks  it  13  evident  that — 

Soft  iron  in  the  horizontal  plane  of  the  compass  invariably  increases  the 
directive  force  of  the  magnetic  needle. 

Soft  iron  in  the  horizontal  plane  of  the  compass  gives  no  deviation  at  the 
four  cardinal  points,  N.,  E.,  S.,  and  W.,  by  compass ;  but  the  other  position 
in  each  of  the  four  quadrants  are  affected  as  follows : — ^if  the  iron  lies  in  a 
direction — 

between  N.  and  E.  it  produces  Easterly  deviation. 
„       E.    „    S.         „  Westerly       „ 

„       S.    „    W.        „  Easterly         „ 

„       W.  „    N.         „  Westerly       „ 

Two  soft  iron  masses  on  opposite  sides  of  the  compass,  and  in  the  same 
plane,  affect  the  needle  to  the  extent  of  their  mass  and  force. 

Two  masses  situated  at  right-angles  with  each  other  increases  the  directive 
force  to  the  extent  of  their  sum,  and  produce  a  deviation  equivalent  to  the 
difference,  of  their  forces. 

£71.  Bow  the  action  of  a  horizontal  bar  of  soft  Iron 
revolving  round  the  compasNS  differs  from  that  of  a  magnet. 
— ^If  a  har  of  soft  iron  is  held  in  the  direction  of  the  dip  it  becomes  a  magnet, 
the  upper  end  of  which,  in  North  latitude,  attracts  the  N.  end  of  the  magnet, 
if  it  is  moved  into  a  horizontal  position,  but  still  pointing  North  and  South 
it  is  still  magnetic,  imder  the  influence  of  the  horizontal  component  of  the 
earth's  force,  though  in  a  smaller  degree.  K  it  is  now  moved  horizontally  in 
an  East  and  West  direction,  its  magnetism  still  farther  diminishes,  and  when 
it  reaches  the  East  and  West  position  its  magnetism  disappears  altogether. 
(See  No.  231,  page  321). 

If,  therefore,  a  compass  is  acted  upon  by  this  bar  or  horizontal  rod  of  soft 
iron  when  directed  towards  the  needle,  and  lying  before  or  abaft  it,  the 
phenomenon  is  whoUy  different*  from  that  arising  from  the  action  of  a 
magnet  bar,  because,  as  we  have  just  seen,  the  magnetism  of  the  rod  is  not 
constant,  but  varies  with  the  azimuth  of  the  rod  from  the  north.  When, 
therefore,  the  bar  is  North  or  South  of  the  needle,  it  attracts  it  strongly,  but 
as  the  needle  is  already  pointing  North,  its  directive  force  is  increased,  but 
its  direction  is  not  disturbed ;  if  the  rod  is  carried  radially,  say  to  the  East, 
the  needle  is  drawn  toward  it  and  so  has  an  Easterly  deviation,  which  is  a 
M«Mifi«ifi  when  it  is  a  little  past  N.E. 

But  the  bar  as  it  approaches  the  E.  and  W.  position  loses  its  magnetism ; 
and  when  E.  and  W.  has  none,  and  therefore  does  not  attract  the  needle,  and 

•  «<  The  law  of  disturbance  may  be  represented  (for  memory  only)  hy  this  rule :  the 
man  (or  xxkI)  attracts  that  pole  of  the  needle  which  is  nearest  to  it." — ^Aibt,  A  Treatiu  on 
ifil^NSfiMi,  page  13S. 
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produces  no  deriation ;  ooiuieqneiitly,  the  deviation  will  be  zero  when  the  bar 
is  N.  and  S.  and  N.  of  the  compass,  zero  when  the  bar  is  E.  and  W.  and  K 
of  the  oompasSi  and  will  haye  a  maximum,  as  just  stated,  somewhere  between 
N.  and  E. 

It  will  be  the  same  in  each  quadrant,  except  that  in  the  second  quadrant, 
E.  to  S.,  the  S.  end  of  the  needle  will  be  attracted  by  the  N.  end  of  the  bar, 
thus  giving  a  W.  deviation.  E.  in  the  S.  to  W.  quadrant  and  W.  again  in 
the  W.  to  N.  quadrant  (see  Pig.  85).  It  thus  changes  in  each  quadrant,  and 
produces  a  deviation  of  the  kind  called  quadrantal. 


The  top  of  the  page  represents  the  N. 

£72.  Quadrantal  DeTiation  is  so  named  from  its  being  easterly 
and  westerly,  alternately,  in  the  four  quadrants  as  the  ship  moves  round  a 
complete  cirde  of  azimuth.  It  is  caused  by  the  transient  or  inductive  mag- 
netism of  horizontal  soft  iron,  which  in  an  iron  ship  is  not  alone  the  hori- 
zontal soft  iron  near  the  compass  that  produces  it,  but  all  connected  with 
the  hull,  the  keel,  frame  and  fittings  running  fore-and-aft,  athwartshipe, 
diagonally,  over,  under,  and  in  the  plane  of  the  compass;  in  addition  to 
which,  in  a  steamer,  there  are  the  engines,  screw  shaft,  ftc.  It  is  zero  or 
nothing  when  a  ship's  head  is  near  the  North,  South,  East,  or  West  points, 
and  greatest  on  the  quadrantal  points.  It  is  generally  easterly  in  the  N.E.  and 
8. W.  quadrants,  and  westerly  in  the  N.W.  and  S.E.  quadrants  of  the  tmrnpass. 
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This  qoadrantal  deviation  is  divided  into  two  parts,  one.  which  is  the  more 
important,  and  which  has  its  maxima  at  or  near  the  intercardinal  points 
N.E.,  S.E.,  S.W.y  N.W.,  and  the  other,  which  has  its  maxima  at  the  cardinal 
points  N.,  S.,  E.,  and  W.,  and  whidi  is  generally  so  small  that  it  may  be 
neglected.    It  arises  from  soft  iron  unsymmetrically  distributed. 

To  illustrate  the  way  in  which  horizontal  soft  iron  produces  quadrantal 
deviation,  let  us  suppose  the  whole  of  the  induced  magnetism  in  a  ship  to  be 

Fig.  86. 
Hagnetio. 

NO/fTH 


msT 


East 


represented  by  the  soft  iron  bar  B  in  Eig.  86.  This  cannot  be  so  in  actual 
practice,  because  the  athwartship  horizontal  iron  produces  quadrantal  devia- 
tion as  WeU  as  the  fore-and-aft  iron,  but  wt  may  suppose  it  may  for  the  sake 
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of  deamesB.  The  small  oirolea  represent  the  compass,  the  thick  lines  within 
the  small  oirdes  the  compass  needle,  the  dotted  lines  within  the  compass  the 
magnetic  meridian.  Beginning  at  north,  it  will  be  observed  that  the  bar  B 
is  parallel  with  the  magnetic  meridian,  and  wUl  therefore  be  an  induotive 
magnet  while  it  is  in  or  near  that  position,  its  after  end,  marked  S.,  being  a 
south  pole ;  but  as  the  bar  B  is  in  a  line  with  the  compass  needle  N,  it 
cannot  exert  any  deviating  power  upon  the  needle,  either  to  the  right  or 
left.  As  the  ship's  head  swings  towaids  the  N.W.,  the  relative  positions  of 
the  bar  B  and  the  needle  N  are  altered,  and  the  south  end  of  the  bar  draws 
the  north  end  of  the  needle  to  the  left  from  N  to  N".  As  the  ship's  head 
approaches  the  west,  the  bar  B  loses  its  polarity,  and  at  west  it  is  at  right- 
angles  to  the  magnetic  meridian,  and  ceases  to  exert  any  influence  on  the 
compass.  The  ship's  head  now  swings  towards  the  S.W.,  and  the  bar  B,  as 
it  turns  towards  the  south  pole,  again  becomes  an  inductive  magnet ;  its  after 
end  being  a  north  pohf  and  drawing  the  south  end  of  the  compass  needle  from 
8  to  S".  When  the  ship's  head  reaches  south  there  is  no  quadrantal  devia- 
tion, because  the  bar  B  is  in  a  line  with  the  compass  needle.  As  her  head 
swings  towards  the  S.E.,  the  needle  is  drawn  from  8  to  8",  causing  westerly 
deviation.  At  east  there  is  no  deviation,  for  the  same  reason  that  there  was 
none  at  west.  After  passing  east,  the  after  end  of  the  bar  B  becomes  a  south 
pole,  and  draws  the  north  end  of  the  needle  to  the  right-hand  in  the  N.E. 
quadrant.  As  the  ship's  head  approaches  the  north,  the  quadrantal  devia- 
tion gradually  decreases  until  it  becomes  nothing  at  north.  The  reader  will 
observe  that  the  bar  B  in  this  case  produces  easterly  deviation  in  the  N.E. 
and  8.  W.  quadrants,  and  westerly  deviation  in  the  N.W.  and  8.E.  quadrants. 
Oases  may  arise  where  the  deviation  is  westerly  in  the  N.E.  and  8.W.  quad- 
rants, but  they  are  very  rare. 

£73.  Cronstant  Deviation.— The  "constant"  part  of  the  deviation 
is  (unless  the  compass  be  improperly  placed),  in  all  cases  in  which  observa- 
tions have  been  carefully  made  with  good  instruments,  small  in  amount,  and 
it  probably  more  often  arises  from  index  or  other  instrumental  error,  or  from 
error  in  the  assumed  direction  of  the  magnetic  north  than  from  the  action  of 
the  iron  in  the  ship. 

£74.  The  quadrantal  deviation,  besides  the  remarkable  uniformity  in 
its  zero  points  and  in  its  direction  in  the  several  quadrants,  has  the  further 
remarkable  property,  as  before  stated,  of  remaining  unchanged  in  all  mag- 
netic latitudes,  and  of  being  litUe  changed  by  the  lapse  of  time. 

£7Sa  The  semicircular  deviation  differs  from  the  quadrantal  and  the 
constant  deviations  in  those  respects.  In  all  ships  the  semicircular  deviation 
changes  with  a  change  of  geographical  latitude.  In  iron-built  ships  the 
semicircular  deviation  consists  of  two  parts — one,  the  induced  part  which  is 
generally  the  smaller,  and  varying  (approximately)  as  the  tangent  of  the 
dip;  the  other  having  its  zero  point  when  the  ship's  head  or  stern  is  on  or 
near  the  point  on  which  the  ship's  head  was  when  building,  and  varying 
(approximately)  inversely  as  the  earth's  horizontal  force  at  the  place.  It 
will,  therefore,  diminish  as  we  approach  the  line  of  greatest  horizontal  force, 
which  does  not  differ  much  from  the  magmetic  equatori  and  increase  as  wt 
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leave  it  on  either  side.  If  the  two  parts  varied  exactly,  and  not  merely 
approximately)  according  to  these  laws,  we  might,  by  observations  made  in 
two  different  latitudes,  discriminate  the  two  parts,  and  might  predict  the 
changes  the  deviations  would  undergo  in  different  latitudes. 


TO  FOEM  A  TABLE  OF  DEVIATION. 

£76.  To  Make  a  Table  of  Deviations-— There  are  several 
methods  in  use  for  forming  a  table  of  deviations.  When  the  ship's  head  is 
brought  to  each  point  of  the  oompass  in  succession  this  is  called  iwtnging  h&r^ 
and  care  must  be  taken  to  see  that  she  is  beyond  all  magnetic  influence  from 
surrounding  objects,  and  that  the  vessel  herself  is  equipped  for  sea. 

£77.  When  in  port  there  are  two  principal  methods  in  general  use  for 
finding  the  deviation,  viz.: — ^Method  I,  by  the  known  correct  mag* 
netlc  bearing  of  a  distant  object,  and  Method  n,  by  reciprocal 
simultaneoos  bearlngSy  t.^.,  with  a  compass  on  board  and  a  compass 
on  shore. 

£78.    Method  X.^By  the  known  bearing  of  a  distant  object. 

— ^The  requisite  warps  being  prepared,  the  ship  is  to  be  gradually  swung 
round  so  as  to  bring  her  head  successively  upon  each  of  the  32  points  of  the 
Standard  Oompass ;  and  when  the  ship  and  the  compass  card  are  perfectiy 
steady,  and  her  head  exactiy  on  any  one  point,  the  direct  bearing  of  some 
well-defined  object  is  to  be  observed  with  the  Standard  Oompass,  and 
registered.  The  ship's  head  is  to  be  gently  warped  roimd  in  the  same 
manner  to  the  next  point,  and  when  duly  stopped  and  steadied  there,  the 
bearing  of  the  same  object  is  to  be  again  set,  and  again  recorded ;  and  so  on, 
point  after  point,  till  the  exact  bearing  of  the  one  object  has  been  ascertained 
with  the  ship's  head  on  every  separate  point  of  the  oompass. 

£79«  The  object  selected  for  this  purpose  should  be  at  such  a  distance 
that  the  diameter  of  the  space  through  which  the  ship  revolves  shall  make 
no  sensible  difierence  in  its  real  bearing,  and  should  not  exceed  the  one- 
hundredth  part  of  the  distance  of  the  object.  The  distance  must  depend  on 
the  range  the  ship  takes  when  swinging;  if  she  be  at  anchor,  in  a  tide-way, 
from  6  to  8  miles  is  not  too  much;  broxight  up  by  the  middle  (in  a  dock) 
2  miles  will  suffice. 

£80«  The  next  step  is  to  determine  the  corred  magnetie  bearing  of  the 
selected  object  £rom  the  ship ;  or,  in  other  words,  the  compass  bearing  it 
would  have  from  on  board  if  it  were  not  disturbed  by  the  attraction  of  the 
iron  in  the  ship.  This  is  effected  by  taking  the  oompass  to  some  place  on 
shore  (avoiding  local  influence)  from  which  the  part  of  the  ship  where  the 
oompass  stood  and  the  object  of  which  the  bearing^  had  been  observed  shall 
be  in  one  with  the  observer's  eye,  or  else  in  the  exactly  opposite  direction. 
The  bearing  of  the  object  from  that  spot  will  evidently  be  the  correct  magnetic 
bearing  from  the  ship  by  the  compass.  The  difference  between  the  corrMt 
magnetic  bearing  of  the  object  and  the  successive  bearings  which  were  ob- 
served with  the  compass  on  board,  when  the  ship's  head  was  on  the  several 
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points,  will  show  the  error  of  each  of  these  points  which  was  caused  by  the 
ship's  iron;  or,  in  other  words,  the  Deviation  of  the  Standard  Compass 
according  to  the  direction  in  whidi  the  ship's  head  was  placed. 

(b)  The  correct  magnetic  bearing  of  the  distant  object  will  be  the 
mean  yalue  of  all  the  observed  bearings,  if  observed  on  equidistant  points; 
or  of  four  or  more  compass  bearings,  if  taken,  also,  on  equidistant  compass 
points. 

£81.  ZXr— By  reciprocal  bearlngCL— Should  there  be  no  suitable 
object  visible  from  the  ship,  and  at  the  requisite  distance  as  stated  above,  the 
deviations  must  be  ascertained  by  the  process  of  reciprocal  bearings.  A 
second  compass  is  placed  on  shore  where  it  will  be  entirely  beyond  the 
influence  of  iron  of  any  description,  and  where  it  can  be  distinctly  seen  from 
the  Standard  Oompass  on  board.  Then  take,  simultaneously  (known  by 
pre-concerted  signal),  the  bearing  from  each  other  of  the  compass  on  shore 
and  the  oompass  in  the  binnacle,  as  the  ship  is  warped  round  so  as  to  bring 
her  head  successively  upon  each  of  the  thirty-two  points  of  the  Standard 
Oompass  on  board,  or  on  each  alternate  point. 

To  ensure  the  success  of  this  operation,  the  compass  on  shore  should  not  be 
more  distant  from  the  ship  than  is  consistent  with  the  most  distinct  visibility 
with  the  naked  eye,  of  both  compasses  from  each  other.  The  observations 
should  be  made  as  strictly  simultaneous  as  possible,  the  time  at  which  each 
bearing  is  taken  being  noted  both  on  shore  and  on  board.  It  will  be  found 
convenient  in  practice  for  the  shore  observer  to  chalk  each  observation  on  a 
black  board,  to  be  read  at  once  from  the  ship,  in  order  that  the  observation 
may  be  repeated  if  any  apparent  inconsistency  presents  itself. 

Before  this  process  is  complete,  the  Standard  Oompass  should  be  carried  on 
shore,  in  order  to  be  compared  with  the  oompass  used  there,  by  means  of  the 
bearing  of  some  distant  object,  and  the  difiElarence,  if  any,  is  to  be  recorded ; 
and  in  all  cases,  when  compasses  are  compared,  the  caps,  pivots,  &c.,  should 
be  first  carefully  examined.  The  shore  compass  gives  correct  magnetic 
bearings. 

The  difference  between  the  correct  magnetic  bearing  of  the 
Standard  Oompass  as  obserred  from  the  shorCy  and  the  bearing  of 
the  shore  compass  as  obserred  from  tbe  shlpy  with  her  head  in  any 
particular  point,  reversed,  t.^.,  with  i8o°  added  or  subtracted,  will  show  the 
error  on  that  point  which  was  caused  by  the  ship's  iron ;  in  other  words,  the 
deviation  of  Ihe  Standard  Oompass  according  to  the  direction  in  which  the 
ship's  head  was  placed. 

£82.  XZX.— By  MarkB  on  the  Dock  WalL— This  is  a  very 
convenient  method  where  it  can  be  practiced.  At  Liverpool  the  correct 
magnetic  bearing^  of  the  YauzhaU  chimney,  from  various  points  of  the  dock 
walls,  are  painted  in  large  figures  on  the  walls,  so  that  the  bearing  of  the 
same  chimney  may  be  observed  as  the  ship  swings  with  the  wind  and  tide ; 
and  at  the  same  time  that  bearing  marked  on  the  wall,  which  is  on  a  line 
between  the  Standard  Oompass  and  the  chimney,  is  noted. 
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The  dlfTerence  between  those  bearings  is  the  deviation  for  the  point 
on  which  the  ship's  head  is  at  the  time. 

In  a  similar  manner,  at  Cronqtadt,  the  correct  magnetic  bearings  of  a 
conspicuous  point  on  a  public  building  are  painted  on  the  mole. 

283*  If,  during  the  operation  of  swingmg,  a  haase  obscures  the  shore 
compass,  while  the  sun  at  the  time  is  shining  brightly,  a  number  of  points 
may  be  secured  by  time  azimuths,  which  otherwise  might  be  lost.  Time- 
azimuths  are  also  advantageous  where  the  second  of  the  above  methods 
cannot  be  used  for  want  of  an  assistant  observer  for  the  shore  compass ;  and 
when  the  first  of  the  above  methods  is  not  available  owing  to  the  length  of 
the  ship  and  the  scope  of  the  mooring,  combined  with  the  most  distant  objects 
in  sight  not  being  sufficiently  far  off  to  render  the  difference  of  their  bearings 
insensible  as  the  ship  swings  round  to  the  tide.  In  such  cases  Qodfray*% 
AximMi  Diaffram,  as  also  Azimuth  or  Sun's  True  Bearing  Tables,  computed 
for  intervals  of  four  minutes,  by  Staff-Oommander  J.  Bubdwood,  B.N.y 
published  by  the  Admiralty,  will  be  found  useful  as  superseding  the  calcu- 
lation for  the  determination  of  the  True  Azimuth. 

£84.  Oommander  Walker,  E.N.,  has  shown*  that  the  deviation  may  be 
ascertained  with  sufficient  accuracy  by  selecting  a  distant  object,  as  before, 
**  and  as  the  ship  swings  by  wind  or  tide  from  one  point  to  another,  write 
down  the  compass  bearings  of  the  distant  object  opposite  the  direction  of  the 
ship's  head.  As  the  ship  swings  round  there  wiU  be  two  nearly  opposite 
points  of  the  compass  on  which  the  bearings  of  the  distant  object  agree,  and 
this  should  be  the  correct  magnetic  bearing  of  the  object."  The  deviation 
is  then  found  as  in  the  first  method. 

285.  The  Dumb  Card.— The  difficulty  of  finding  the  correct  mag* 
netic  bearing  of  the  ship's  head  may  be  obviated,  however,  by  using  the 
dumh-eardf  i.e.,  a  compass  card  without  the  needle,  slung  in  gimbals,  with  its 
centre  over  a  fore-and-aft  line  of  the  vessel,  and  as  near  to  its  middle  as 
possible.  The  card  is  fitted  with  sight  vanes,  similar  to  an  azimuth  compass. 
Having  obtained  the  correct  magnetic  bearing  of  a  distant  object,  place  the 
card  so  that  it  shall  point  out  that  direction,  and  screw  the  sight  vanes  to  the 
card,  so  as  to  cut  the  object  with  the  thread.  Then,  as  the  ship  is  swung, 
the  card  must  still  be  kept  pointing  out  the  correct  magnetic  bearing  of  the 
object  by  means  of  the  sight  vanes,  and  where  the  fore-and-aft  line  meets 
the  edge  of  the  card,  must  then  be  the  correct  magnetic  bearing  of  the  ship's 
head. 

286.  ZV.— By  OlMiervatlons  of  Amplitudes  and  AzU 
maths. — The  errors  of  the  compass  obtained  £rom  observations  of  celestial 
objects  always  contain  variation  and  deviation,  and  may  also  be  affected  by 
lo^  attraction  if  the  ship  be  near  any  disturbing  cause.  The  True  Bearing 
is  found  by  calculation  of  an  Amplitude  (pages  198-204)  or  Azimuth  (pages 
252-259),  and  by  comparing  this  with  the  bearing  of  the  celestial  object 
shown  by  the  compass  the  correction  or  error  of  the  compass  is  found  for  the 
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direction  of  tbt  ship's  liead  when  the  observation  was  taken.  Yariatioa  or 
declination  charts  give  the  amount  of  error  due  to  that  cause;  and  the  dif- 
ference between  the  variation  and  the  compass  error  is  the  deviation.  By 
continuing  the  process  to  the  eight  principal  points  of  the  compass  a  complete 
table  can  be  found  by  Ifapm^t  Oraphie  Method  as  explained  at  pages  365-369. 

£87.  To  ZTame  the  Deviation.— Bule.—TFi^  the  reading  hy  the 
shore  eompase  (reversed),  or  the  correct  magnetic  hearing  of  the  distant  ohfeetf  is 
to  the  right  of  the  reading  hy  the  compass  on  hoards  the  deviation  is  easterly ;  whm 
to  the  leffci  westerly. 

ThQB,  svppoie  the  eorreei  magnetio  bearing  from  the  shore  compaM,  with  ship's  Head  at 
N.W.,  is  N.  15^  E.,  and  the  bearing  of  shore  compass  from  the  ship  is  6.  ix"  W. :  to  find 
deyiation  proceed  thns : — 

Beverse  of  the  bearing  by  shore  compass )  g  r  ro  W 

or  correct  magnetio  bearing    .•••••/    '    ^ 
Bearing  from  ship 


S.  II   W. 


Deviation  4  E. 

When  the  ship's  head  lies  N.N.E.,  let  the  binnacle  compass  bearing  of  the  shore  objeot 
or  compass  be  N.  19''  30'  E.,  and  the  bearing  of  the  binnacle  compass  from  the  shore  com- 
|»as8  be  S.  av*"  o'  W. :  required  the  donation. 

The  opposite  point  to  S.  ^^'*  o'  W.  is  N.  27^  o'  E.,  which  is  7<*  30'  to  the  right  of 
K.  19**  30'  E.    Hence  the  dwiation  is  7"  30'  E. 

288*  The  directions  of  the  ship's  head  having  been  taken  by  the 
compass  in  the  ship,  are  therefore  affected  by  the  local  attraction,  and  the 
apparent  compass  hearing  of  the  ship's  head  differs  from  the  correct  magnetic 
bearing  by  the  amount  of  the  local  deviation  due  to  the  position  of  the  ship. 
For  instance,  when  the  ship  is  apparently  lying  with  her  head  east,  it  is  not 
the  true  magnetic  east ;  but  supposing  the  local  deviation  to  be  one  point 
easterly,  the  east  point  of  the  compass  card  will  be  drawn  to  E.  by  8.,  and 
the  true  magnetic  direction  of  the  ship's  head  will  be  E.  by  8. 

The  observations  and  tabulated  results  are  incomplete  untQ  the  oorreet 
magnetio  bearing  of  the  ship's  head  at  each  observation  is  found. 

£89«  The  following  shows  the  arrangement  of  tabular  forms  for  finding 
the  deviation  by  the  several  processes  described. 

X.    By  Bearing  of  a  Distant  Object. 

Correct  magnetic  bearing  of  distant  object  from  ship  N.  6f  o'  W.,  distant 
II  miles. 


Ship's  Head 

by  the 

Stuidua  CompsM. 


East 

B.by8 

E.8.E •• 

8.E.  by  E 

S.E. 


Bearing  of  Diflteat 

Object  by  the 
Standard  Oompan. 


N.  83«ao'W. 
N.  8a  15  W. 
N.  81  5  W. 
N.  79  30  W. 
N.  77  40  W. 


DenatioiL 

of 

Standard  Oompaaa. 


20^  20'  E. 
19  "5  E. 
18  5  E. 
16  30  E. 
14  40  E. 


And  similarly  at  all  points  of  the  compass. 
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XX.    By  Hedprocal  Bearings. 


Time*. 


9*»  10"  A.M. 
9   »4 


17 
II 

26 

3* 


Ship's  Head 

by  the 

Standard 

Oompaaa. 


North  ... 
K.byE.  . 
N.N.E.  ... 
N.B.byN. 

N.E 

N  JS.  by  £. 


SIMULTANEOUS  BEAHIKOS. 


From  Standard 
Oompase 
onboard. 


S.  37050'B. 
8.  45  o  E. 
S.  51  40  E. 
8.  57  20  E. 
8.  61  50  E. 
8.  65  30  E. 


From  the 

Shore 
Oompaaa. 


N.  41°  o'W. 
N.42  25  W. 
N.43  ^oW. 
N.  44  10  W. 
N.45  oW. 
N.  46    oW. 


Deviation 

of 
Standard 
Oompaaa. 


3«io'W. 

a  35  B. 

8  10  E. 
13  10  E. 
16  50  E. 
19  30  E. 


AikI  so  on  throngh  all  the  points  of  the  compass. 


£90.  The  seaman  must  remember  that  the  eorrectLons  thus  obtained 
belong  to  liie  compass  by  which  the  observations  are  made,  and  to  that  com- 
pass while  it  is  in  its  proper  place,  and  that  these  corrections  will  furnish  no 
guide  whatever  to  the  effects  of  the  iron  on  a  compass  placed  in  any  other 
part  of  the  ship ;  but  if,  while  swinging,  the  direction  of  the  ship's  head  by 
the  other  compasses  is  noted  and  tabulated,  the  deviation  of  all  the  compasses 
can  be  found. 

201.  It  is  possible  to  correct  mechanically  the  compass  of  an  iron  vessel 
in  such  a  manner  that  the  deviations  on  aU  courses  may  be  very  much 
reduced  or  even  destroyed  altogether. 

Z9Zm  ZTeeeflslty  of  Compensation.— The  object  of  applying 
magnet  bars  to  correct  the  larger  deviations  of  the  compass  in  iron  ships  is 
two-fold :  first,  the  reducing  the  larger  semicircular  deviations,  which  are 
embarrassing  when  they  exceed  a  certain  amount ;  and  secondly,  and  more 
especially,  the  equalizing  of  the  directive  force  on  different  courses.  The 
principles  on  which  their  application  depends  are  obvious,  for  it  has  been 
shown  that  aU  the  polar  forces  acting  in  a  ship  may  be  represented  by  an 
imaginary  magnet,  and  it  is  therefore  certain,  from  well  known  laws  of 
magnetic  action,  that  we  can  neutralise  the  effect  of  these  disturbing  forces 
by  introducing  a  real  magnet  whose  force  has  the  same  magnitude  but  aottf 
in  an  opposite  direction. 

Compensation  by  magnets  does  away  with  one  of  the  errors  to  which  an 
uncompensated  compass  is  liable.  There  are  changes  to  which  the  magnetic 
condition  of  an  iron  ship  is  subject,  but  in  addition  to  these  sources  of  error 
an  uncompensated  compass  changes  its  deviation  with  any  alteration  that 
occurs  in  the  amount  of  the  earth's  horizontal  force,  and  this  takes  place 
when  the  ship  changes  her  station  on  the  earth's  surface ;  for  instance,  if 
from  sub-permanent  magnetism  in  the  Bay  of  Bengal  an  uncompensated 
compass  had  a  deviation  of  ten  degrees,  in  the  Gulf  of  St.  Lawrence  it  would 
have  a  deviation  of  thirty  degrees. 

If  the  deviations  are  large  in  amount  embarrassments  are  produced,  since 
the  angular  movement  in  azimuth  of  the  ship's  head  is  not  represented  by  a 

*  The  time—as  taken  by  compared  watches— may  be  omitted  if  the  shore  obserrations 
can  be  clearly  made  oat  by  being  chalked  on  a  black  board. 
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Bimilar  apparent  angular  moyement.  For  example,  a  oompass  placed  above 
the  aft  Bide  of  the  round-house  on  board  of  vessel  with  the  ship's  head 
N.  i^  W.,  oorrect  magnetic,  the  ship's  head  appeared  by  compass  to  be 
N.W.  by  W.,  but  when  her  head  was  swung  four  degrees  to  the  left,  viz.,  to 
N.  5^  W.y  oorrect  magnetic,  her  compass  would  move  round  ten  points,  full 
twenty-eight  times  as  much  as  the  real  change  of  the  position  of  the  ship's 
head.  This  of  itself  is  embarrassing  to  the  seaman ;  in  the  same  ship,  with 
her  head  in  opposite  azimuths  to  the  above,  the  earth's  directive  force  is 
reduced  nearly  one-half  by  the  antagonism  of  the  ship's  force.  This  gives 
sluggishness  to  the  compass,  and  increases  the  effect  of  friction,  and  other 
disturbing  causes.*  The  neutralization  of  the  ship's  polar  force,  t.^.,  the 
reduction  of  the  semicircular  deviation  by  the  introduction  of  an  opposing 
magnet,  necessarily  allows  the  earth's  directive  force  to  act  equally  on  the 
ship's  compass  needle  in  all  azimuths. 

The  necessity  for  compensation  by  bar  magnets  is  greater  now  than 
formerly,  since  the  greater  introduction  of  iron  beams,  decks,  transverse 
bulkheads,  &c.,  has  conduced  to  the  great  decrease  of  directive  force  of  the 
compass  needle  in  all  parts  of  the  ship. 

The  average  force  is  thus  commonly  reduced  one-fourth  from  its  value  on 
shore,  or  to  three-fourths  of  its  proper  value ;  and  the  force,  where  the  ship's 
head  is  in  the  direction  near  to  that  of  her  head  while  building,  is  in  many 
cases,  reduced  to  about  one-third  of  that  averajge,  or  to  one-fourth  of  its 
proper  value,  and  in  some  cases  is  even  reversed.  These  facts  not  only  show 
the  necessity  of  compensation  by  magnets,  but  also  the  necessity  of  employing 
the  most  perfect  compasses  in  tiie  modem  types  of  iron  ships. 

293>  A  compass  compensated  by  iron  chain,  or  cast  iron  correctors,  is 
less  affected  by  the  heeling  of  the  ship  than  the  same  compass  would  be  if 
uncompensated,  and,  consequently,  is  less  disturbed  by  the  rolling  of  the 
ship.  The  last-named  advantage  is  greatly  increased  when  the  compass  is 
compensated  for  the  effects  of  heeling  by  a  vertical  magnet. 

£94.  The  theory  of  magnetism  being  understood,  the  compensation 
becomes  a  simple  matter.  We  have  two  descriptions  of  deviation  to  com- 
pensate, the  polar  and  quadrantal.  The  former,  as  has  been  seen,  is  the 
result  both  of  the  sub-permanent  magnetism  of  the  ship  and  the  inductive 
magnetiBm  of  vertical  iron.  While  the  ship  is  in  the  same  magnetic  latitude 
the  deviation  arising  from  both  these  may  be  compensated  by  steel  magnets, 
but  the  quadrantal  deviation  can  only  be  compensated  by  soft  or  cast  iron, 
because  permanent  magnets  produce  contrary  deviations  with  the  ship's 
head  in  opposite  directions,  but  quadrantal  deviation  is  of  the  same  name  at 
opposite  points. 

Neglecting  for  the  present  the  vertical  component,  the  action  of  the  ship 
on  the  needle  may  be  represented  by  that  of  a  large  magnet  N  S,  Fig.  87, 
or  still  further  resolved  into  the  action  of  two  magnets  S'N'  and  S'N'',  at 

*  It  is  well  to  remember  that  the  loss  of  direotive  force  in  the  uncorrected  compasses  of 
iron  ships  oocnrs  on  those  courses  which  are  on  and  near  to  the  direction  of  the  ship's  head 
in  building;  in  oUier  words,  the  magnetio  force  of  the  ship  is  then  in  direct  antagonism  to 
iha  earth's  diNotive  foxo«. 
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rigbt-angles  to  each  other,  one  longitudinal  in  the  midship  line,  the  other 
transyersal  to  the  ship,  or  athwartship.  When  the  ship's  head  is  placed 
North  or  South  the  transversal  force  alone  disturbs  the  compass,  and  the 
quadrantal  disturbance  vanishes,  and  the  transversal  magnetic  part  can  be 
corrected  by  an  opposite  transversal  magnet,  N,  S,,  broadside-on  to  the 
compass,  whose  distance  is  determined  without  any  calculation,  simply  by 
trying  its  effect  at  different  distances  till  the  needle  points  correctly,  i.e.,  N. 
when  6"N''  is  corrected. 


Fig.  87. 


Then,  in  like  manner,  if  the  ship's  head  is  placed  East  or  West,  the  longi- 
tudinal magnetism  only  disturbs  the  compass,  as  the  quadrantal  deviation 
vanishes  there,  and  it  is  to  be  corrected  by  a  longitudinal  magnet,  N,  S,, 
broadside-on  to  the  compass  tentatively  applied,  when  the  needle  will  point 
N.  when  N"S"  is  corrected. 

If  the  magnetic  axis  of  the  vessel  coincides  with  its  midship  line,  no 
athwartship  magnet  N,  S,  will  be  required,  and  it  is  evident  also  that  if  the 
direction  of  N  S  is  known,  only  one  magnet  N^  B^y  parallel  to  it,  need  be  used, 
but  as  in  practical  work  this  is  rarely  known,  the  two  magnets  are  used. 

The  effect  of  permanent  or  sub-permanent  magnetism  are  now  entirely 
corrected.  In  order  to  correct  for  the  inductive  effect  which  produces 
quadrantal  deviation,  the  ship's  head  must  be  placed  in  azimuth  49^  (nearly), 
i.0.,  N.E.,  S.E.,  N.W.,  or  8.W. ;  there  will  be  no  difficulty  in  ascertaining 
whether  the  quadrantal  disturbance  is  such  as  corresponds  to  the  effect  of 
iron  in  the  direction  of  the  ship's  head,  and,  if  so,  it  must  be  corrected  by 
trial  till  the  correction  is  complete.* 


*  This  method  of  oorreotion  by  permanent  magnets 
Vma  proposed  by  ihe  Aitronomvr  BoyiA  of  SngUni. 


is  known  as  Aiat'b  method,  it  having 
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'  Z99m  Crompensation  of  Semicircular  Derlation.— To  dis- 
tinguish quadrantal  deviation  from  polar  deviation  is  easily  accomplished, 
but  to  distinguish  that  part  of  polar  magnetism  arising  firom  induction  in 
vertical  iron  from  that  which  is  produced  by  sub-permanent  magnetism  is  a 
more  difficult  task.  Yet,  with  regard  to  vessels  making  voyages  to  the 
southern  hemisphere,  this  is  of  the  highest  importance.  For  ships  that 
cross  the  equator,  and  in  which  the  steering  compasses  are  placed  very  near 
to  the  rudder  head  and  the  vertical  iron  in  the  stem  of  the  ship,  movable 
magnets  may  be  used  in  order  to  counteract  the  inductive  magnetism  of  those 
vertical  masses  on  change  of  magnetic  latitude ;  but  it  has  been  proposed  to 
neutralise  the  injurious  effect  of  this  arrangement  by  fixing  in  the  ship  a 
vertical  bar  of  iron  in  front  of  the  compass,  at  such  a  distance  that  the 
inductive  changes  which  occur  in  it  shall,  as  nearly  as  possible,  balance  the 
changes  in  the  vertical  masses  abaft  the  compass.  This  compensating  bar, 
which  may  vary  from  two  to  three  inches  in  diameter,  it  is  proposed  should 
reach  from  the  keel  to  about  the  height  of  the  compass.  In  a  modified 
degree  this  arrangement,  as  originaUy  proposed  by  Mr.  Ettndxll,  Secretary 
to  the  Liverpool  Oompass  Committee,  was  carried  out  in  a  few  ships  at 
Liverpool  under  his  superintendance,  and  foimd  beneficial.  It  is  an  arrange- 
ment requiring  much  skill  to  cany  out  successfully. 

The  order  of  proceedure  for  compensation  is  as  follows : — ^If  you  cannot 
trust  your  eye,  draw  two  chalk-lines— one  fore-and-aft  and  the  other  athwart- 
ship — crossing  each  other  under  the  centre  of  the  compass.  Then  to  com- 
pensate the  part  of  the  sub-permanent  magnetism,  resolved  to  either  of  the 
ship's  sides  represented  by  +  0  (•'.tf.,  if  the  deviation  is  Easterly  with  the 
ship's  head  North,  or  Westerly  with  Uie  ship's  head  South)  or  by  —  0  (t.^., 
if  tiie  deviation  is  Westerly  with  the  ship's  head  North,  or  Easterly  with 
the  ship's  head  South],  it  will  be  necessary  to  bring  the  ship's  head  correct 
magnetic  North  or  South,  and  place  the  eompematinifhax  magnet  aihwmriih^ 
either  before  or  abaft  the  compass  at  right-angles  to  the  fore-and-aft  midship 
line  and  parallel  to  the  ship's  deck,  with  the  middle  of  the  magnet's  length  in 
the  vertical  plane  passing  longitudinally  through  the  centre  of  the  compass 
card.  The  N.  marked  end  {red  pole)  of  the  magnet  being  directed  to  that  side 
of  the  ship  towards  which  the  N.  end  (red  pole)  of  the  compass  appears  to  be 
drawn.  Thus,  if  the  N.  marked  end  (red  pole)  of  the  needle  be  drawn  to 
starboard,  causing  a  +  0,  this  must  be  compensated  by  placing  the  N.  end 
(red  pole)  of  the  bar  magnet  directed  to  the  starboard  side  of  the  ship ;  but  if 
by  the  ship's  attraction  the  red  end  of  the  needle  be  drawn  to  part,  causing  a 
—  0,  then  the  red  pole  of  the  magnet  must  be  directed  to  port.  The  distance 
of  the  magnet  is  to  be  determined  by  trial,  beginning  by  placing  the  magnet 
at  a  distance  from  the  compass  and  gradually  approaching  it  until  the  com- 
pass shows  correct  magnetic  North  or  South.  K  0  be  large,  two  magnets, 
one  before  and  one  abaft  the  compass,  may  be  necessary. 

Thus,  Fig.  88  shows  a  ship  built  head  East  (giving  co-efficient  +  0)  her 
head  being  brought  to  correct  magnetic  North ;  the  North  or  red  end  of  the 
compass  needle  being  drawn  to  the  starboard  side.  This  is  compensated  by 
a  'thwartship  magnet-bar  with  the  North  or  red  pole  of  it  directed  to  star* 
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Kg.  88,  +  0. 


Kg.  89,  —  0. 


board,  and  thus  repels  the  North  end  of  the  oompasa  needle  to  ita  normal 
pomei  magnetio  direction. 

Fig.  89  represents  a  ship  which  was  bnilt  head  West  (giving  oo-effldent 

—  0)  with  her  head  swung  carreet  magnetic  North,  and  consequently  the 
N.  or  red  end  of  the  needle  is  attracted  to  the  port  sidoi  which  attraction  ig 
compensated  by  placing  a  'thwartship  magnet  with  the  N.  or  red  end  directed 
to  port,  thus  repelling  the  N.  end  of  the  compass  needle  to  its  normal  oarreci 
magnetic  direction. 

To  compensate  for  the  attraction  towards  either  the  ship's  bow  or  stern, 
represented  by  the  co-efficient  +  B  («.«.,  when  the  deviation  is  Easterly  with 
ship's  head  East,  or  Westerly  with  ship's  head  West)  or  by  the  co-efficient 

—  B  (».0.,  when  the  deviation  is  Westerly  with  the  ship's  head  East,  or 
Easterly  with  ship's  head  West).  With  the  ship's  head  East  or  West  eorreei 
magnetic  place  a  magnet  on  the  deck  in  a  fore-and-aft  direction,  with  its 
centre  on  the  athwartship  line  (either  to  port  or  starboard  of  the  compass), 
the  N.  marked  (or  red)  end  of  the  magnet  bar  being  directed  to  that  part  of  the 
ship  towards  which  the  north  end  of  the  compass  needle  appears  to  be  drawn. 
Thus,  if  the  N.  (or  red)  end  of  the  needle  be  drawn  towards  the  bow  causing 
a  -t-  B,  the  N.  (or  red)  end  of  the  magnet  bar  must  be  directed  forward  to 
neutralise  this  effect;  but  if  the  N.  (or  red)  pole  of  the  needle  is  attracted 
towards  the  stem,  causing  —  B,  the  red  end  of  the  magnet  must  be  placed 
aft.  The  magnet  must  be  moved  to  or  from  the  intersection  of  the  Hnes  till 
fhe  needle  points  correctly.  If  the  ship  was  built  with  her  head  nearly 
North  or  South  two  magnets  may  be  required.  These  may  either  be  placed 
one  on  each  side  of  the  compass  or  both  on  the  same  side,  as  may  be  most 
convenient. 

If  the  ship's  head  be  now  placed  on  the  two  opposite  cardinal  points,  it 
may  be  found  that  a  small  deviation  still  exists,  in  which  case  the  magnets 
may  be  again  sHghtly  moved  on  their  respective  lines  to  reduce  this  residual 
eiror  within  the  smallest  limits. 

Tig.  90  shows  a  ship,  built  head  South  (producing  co-efficient  -f  B),  with 
her  head  swung  to  East  {mrect  magnetic),  and,  consequently,  the  N.  or  red 
end  of  the  needle  is  attracted  towards  the  bow^  which  \$  compensated  by  a 
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fore-and-aft  magnet,  the  N.  or  red  pole  of  which  is  directed  to  the  boW|  and 
thus  repels  the  N.  or  red  end  of  the  compass  needle  to  its  normal  correct 
magnetic  direction. 

Fig.  91  represents  a  ship  which  was  built  head  North  (giving  co-efficient 
—  B)  brought  with  her  head  correct  magnetic  East,  and  hence  the  N.  end  of 
the  needle  is  attracted  towards  the  stem,  which  is  compensated  by  a  fore- 
and-aft  magnet,  the  N.  or  red  pole  of  which  lies  aft  and  thus  repels  the  N.  or 
red  end  of  the  compass  needle  to  its  normal  correct  magnetic  direction. 

In  making  this  correction  it  is  advisable  to  leave  about  i^*'  of  the  semi- 
circular deviation  uncorrected  at  the  North  and  South  points,  and  about  ^^  at 
the  East  and  West  points ;  the  deviation  so  left  to  be  westerly  if  the  ship  has 
been  swung  from  left  to  right,  East  if  swung  from  right  to  left.  This  small 
correction  arises  from  the  noticeable  fact  that  when  an  iron  ship  is  swung  to 
the  left  a  temporary  +  A  and  +  E  are  introduced,  and  whea  to  the  right  a 
temporary — A  and  -—  E.    These  it  is,  of  course,  best  to  leave  uncompensated.* 

We  are  indebted  to  M.  Gattssik,  of  PEcole  du  GMnie  Maritime,  for  this 
fact,  which  has  been  verified  by  the  discussion  of  numerous  deviation  tables 
of  H.M.  ships.  It  doubtiess  arises  firom  the  slowness  of  soft  iron  in  receiving 
and  parting  with  its  full  charge  of  induced  magnetism. 

•  fiat  these  oo-effioienta  A  and  E,  obierved  while  swing^g  a  ship  are  most  frequently 
only  tnmsient  firom  the  (act  that  induced  magnetiam  ia  not  instantly  parted  with.  For 
example,  while  a  ship's  head  is  West  the  athwartahip  iron  aoqoirea  a  certain  amoont  of 
red  polarity  on  the  atarboard  aide  which  does  not  produce  any  deviation  while  her  head 
remaina  West  becauae  it  acta  on  the  needle  in  the  aame  line  as  the  earth'a  horiaontal 
Ibroe.  But  when  the  ahip'a  head  is  awung  to  the  Korth,  although  the  greater  part  of  thia 
transient  magnetism  haa  ceased  to  exist,  the  starboard  ends  of  the  athwartahip  iron  still 
retains  a  smaU  portion  of  red  polarity,  and  the  port  ends  blue;  and  being  Uien  at  right- 
angles  to  the  earth's  line  of  force,  repel  the  red  or  North  pole  of  the  needle,  producing 
westerly  deyiation.  Also,  the  fore-and-aft  iron  while  the  ship's  head  is  either  North  or 
South  acquires  a  transient  magnetism  that  it  does  not  immediately  part  witii,  but  this 
does  not  produce  so  great  an  amount  of  deriation  as  the  athwartship  iron,  because  the 
poles  of  the  fore  and  aft  iron  are  farther  from  the  needle.  In  this  case  the  ship  is  supposed 
to  be  swung  from  West  to  North^that  is,  with  the  sun;  in  which  case  A  and  £  would 
be  minus,  produdng  westerly  deyiation  on  the  North  and  Soath  quadrants,  and  easterly 
on  the  other  two ;  but  if  the  ship  were  swung  in  the  contrary  direction — ^t  is,  against 
the  sun ;  both  A  and  E  would  be  plus. 

If  the  co-eiBcient  A  should  be  large— that  is,  more  than  two  degrees— the  compass 
card  should  be  examined  so  as  to  guard  against  the  apparent  existence  of  A,  since  this 
oo-efficient  may  be  simulated  by  the  compass  needle  not  baring  its  red  and  blue  poles 
coinciding  wiUi  the  North  and  South  points  of  the  compass  card.  This  may  be  done  yery 
conTcniently  by  bringing  the  blae  pole  of  a  thin  magnet  outside  the  bowl  of  the  compass 
to  where  the  North  point  of  the  card  is  directed,  keeping  the  blue  edge  of  the  magnet 
Terticid.  Then,  if  this  magnet  does  not  agree  with  the  North  point  of  the  card  of  the 
compass,  there  will  be  a  co-effioient  A  on  account  of  the  needle  of  the  compass  not  being 
oorreotly  attached  to  the  compass  card. 
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29C    Crompensation  of  Qnadrantal  HeYUMonm-'Afler  the 

Bomicircular  deviation  has  been  corrected  by  magnets  the  compensation  of 
the  quadrantal  deviation  remains  to  be  made.  This  is  effected  by  a  mass  of 
■oft  iron  placed  on  the  same  level  as  the  compass  needle,  so  as  to  cause 
opposite  effects  to  those  of  the  ship.*  The  ship's  head  should  be  swung  to 
one  of  the  quadrantal  points,  N.E.,  S.E.,  S.W.,  or  N.W.  carreet  magnetie. 
Sir  Gkorob  B.  Aibt  recommends  boxes  filled  with  iron  chain,  attached  one 
on  each  side  of  the  binnacle  to  be  used.  The  small  quadrantal  values  of  2^ 
to  3^  are  commonly  corrected  in  this  way,  but  for  larger  deviations  soft  cast 
iron  cylinders  with  hemispherical  ends,  as  recommended  by  the  Liverpool 
Compass  Oommittee,  have  been  successfully  employed.  The  best  corrector 
for  this  purpose,  however,  is  a  couple  of  hollow  cast  iron  globes  or  shells^ 
the  introduction  of  which  is  due  to  Prof.  Sir  Willujc  Thompson.  The  error 
to  be  corrected  is  generally  of  the  form  +  D,  the  quadrantal  deviation  of 
almost  every  ship  being  JSatt&rfy  in  the  N.E.  and  S.W.  quadrants  and 
WiuUrlif  in  the  N.W.  and  S.E.  quadrants ;  hence  these  correctors  should  be 
placed  athwartships,  on  the  same  horizontal  plane,  and  at  equal  distanceSi 
on  the  starboard  and  port  sides  of  the  compass ;  the  distance  should  be  deter- 
mined by  trial,  moving  them  to  or  from  the  oompass  till  the  needle  points 
oorrectly,  but  not  nearer  than  li  times  the  length  of  the  needle  from  the 
oentre  of  the  card.  If  chain  boxes  are  employed  this  compensation  should 
be  effected  by  putting  more  or  less  chain  into  ihe  box.  In  the  very  umuanal 
event  of  D  being  negative,  •'.«.,  when  the  deviation  is  Wuterif  on  the  N.B» 
and  S.W.  points  or  JSoiierly  on  S.E.  and  N.W.,  and  large,  the  correctors  or 
chain  boxes  should  be  placed  on  the  fore-and-aipt  ends  of  the  binnacle. 

These  correctors  are  too  frequently  absent,  and  it  should  be  remembered 
that  they  very  essentially  improve  the  action  of  the  compass,  not  only 
diminishing  the  deviation,  but  increasing  the  directive  forocf 

•  They  effect  their  pvpoae  by  becoming  magoetiaed  by  induction.  For  example,  with 
ship's  head  N.B.  the  pori  ends  have  rid  magnetism,  and  in  this  position  compensate  muUriif 
deviation;  but  on  turning  the  ship  round  to  N.W.  their  iUtrhottrd ends  acquire  r$d  mag^ 
netism,  and  in  this  new  position  compensate  wesUrlff  deviatioo. 

Quadrantal  correctors  produce  their  greatest  effect  on  N.E.,  S.E-,  B.W.,  and  N.W.,  being 
■ero  at  North,  South,  East,  and  West.  When  the  ship's  head  is  North  and  South,  correct 
magnetic,  the  poles  of  cast  iron  cylinders  being  at  lisrht-angles  to  the  line  of  force  are 
powerless  to  affect  the  compass ;  and  when  the  ship's  head  is  East  or  West,  correct  magnetic, 
thou«h  the  cylinders  are  then  magnetic  they  cannot  affect  the  compass  as  their  poles  are 
parallel  to  the  needle.  In  the  case  of  cast  iron  globes  the  magnetic  poles  are  parallel  to  the 
needle  on  all  four  of  the  last  named  points,  but  the  effect  is  the  same  as  with  the  cylinders. 

Although  the  quadrantal  deviation  is  rarely  large  in  amount  like  the  semicircular,  it  is 
finr  many  reasons  very  important  that  it  should  be  corrected.  Not  the  least  is  the  fact  that 
for  the  same  Smount  of  maximum  error  the  quadrantal  changes  twice  as  rapidly  as  does  the 
somioireular  error;  and,  therelbre,  a  qnadrantal  error  of  10"  is  much  more  embarrassing 
than  a  semicircular  one  of  the  same  amount.  The  true  signiflcanoe  of  this  will  be  evident, 
when  it  is  conddeied  that  a  qnadrantal  error  of  10**  implies  a  rapid  change  in  the  deviation 
of  a  compass,  amounting  to  as  much  as  half  a  point  with  so  smaU  a  change  as  a  point  and 
a  half  in  the  ship's  course  from  one  side  to  the  other  of  any  of  the  four  cardinal  ooursei. 
The  difficulty  of  steering  by  such  a  compass  will  be  evident. 

t  Masses  of  iron  of  a  spherical  or  cylindrical  shape,  placed  near  the  leyel  of  the  compass  in  a 
fore-and-afc  Une.  are  beneficial  in  increasing  the  directive  force,  but  prejudicial  in  increasing 
the  quadrantal  deviation ;  if  placed  on  the  p  )rt  or  starboard  side  they  are  doubly  beneficial,  as 
they  both  increase  the  directive  force  and  diminish  the  deviation.  Iron  masts  which  may  be 
compared  to  a  vertical  cylinder  of  infinite  length,  do  not  increase  the  directive  force,  but  in- 
evsase  the  quadrantal  deviation,  and  are  so  far  slightly  prejudicial.  It  is  here  understood 
that  the  compass  is  not  placed  near  the  heel  or  hesd  of  the  inastsy  which  psrti  tie,  of  OOUM^ 
poiraifU  poles. 
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"  This  soft  iron  tlius  applied  correcta  D.  E,  whicli  is  due  to  soft  iron 
tLnsymmetrieally  distributed,  may  be  corrected  by  moving  the  soft  iron  either 
backwards  or  forwards,  but  it  is  usually  very  small  and  may  be  neglected. 
The  magnets  used  for  compensating  should  be  of  good  steel,  made  very  hard 
and  well  magnetised  some  time  (some  months  if  possible)  before  being  used, 
BO  as  to  acquire  a  permanent  condition  of  magnetism.  They  may  be  from 
fourteen  inches  to  two  feet  in  length,  and  about  ^  in.  by  i^  in.  cross  section. 

297.  When,  however,  this  part  of  the  deviation  is  large,  and  a  oompaas 
with  a  single  needle  is  employed,  neither  chain-boxes  nor  correctors  wOl  giv« 
a  satisfactory  compensation.  There  arises  what  has  been  called  an  ootaatal 
deviation,  caused  by  chain  boxes  or  correctors  being  Airther  distant  firom  th« 
poles  of  the  needle  when  on  two  point  courses  than  when  on  either  of  th« 
BIX  point  courses.  On  this  account  the  use  of  long  needles  is  adverse  to  good 
compensation.  This  octantal  deviation  is,  however,  much  reduced  by  UBmg 
double-needle  cards,  in  which  the  ends  of  the  parallel  needles  are  60^  apart. 
Objections  have,  however,  been  made  to  the  use  of  correoton ;  one  being 
the  inconvenient  position  in  which  they  are  required  to  be  placed  expoamg 
the  compass  to  accidental  injury,  and  another  the  difficulty  of  procuring 
^correctors  free  from,  permanent  magnetism.  To  obviate  these  difficulties  it 
has  been  proposed  that  two  compasses  should  be  placed  in  the  Bame  transverse 
Hne,  and  so  near  as  to  produce  in  each  other  a  n$gM9e  quadrantal  deviation 
enfficient  to  correct  the^oM^tv^  quadrantal  deviation  which  each  would  other* 
"wise  have.  There  is,  however,  among  other  objeclions  to  this  mode  of  com- 
pensation, one  which  seems  conclusive.  IJucompensated  quadrantal  deviation 
tmdergoes  no  change  when  the  ship  alters  her  magnetic  latitude;  but  a 
compass  compensated  in  this  manner  in  one  latitude  would  be  correct  in  sndi 
places  only  where  the  horizontal  magnetic  force  was  the  same,  and  would 
neccBBarily  require  repeated  adjustments.  For  these  reasons  the  plan  was 
Tejected  by  the  late  Astronomer  Boyal,  Sir  G.  B.  Aiby. 

298a  It  frequently  happens  that  one  correction  will  interfere  with  one 
already  made,  and  it  is  therefore  necessary  to  repeat  the  adjustments  with  the 
head  in  different  positions,  so  as  to  eliminate  the  errors,  or  if  any  obstinately 
vemain,  they  must  be  noted  to  make  a  d^viation  table,  for  the  coirectioaB 
are  rarely  so  perfect  as  to  dispense  with  one. 

Fig.  9a. 


Fig.  92  also  illustrates  the  position  of  the 
soft  iron  correctors  on  the  starboard  and  port 
sides  of  the  compase  in  order  to  compensate  a 
po»itip0  quadrantal  deviation,  the  ship  having 
been  swung  to  the  quadrantal  point  N.E. 
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The  foregoing  figures  show  the  position  of  the  bar  magnets  when  used  to 
oorrect  the  deviation  of  ships  built  with  their  head  in  the  direction  of  one  or 
other  of  the  cardinal  points ;  but  since  it  is  only  occasionally  that  a  magnet 
placed  athwartship  or  fore-and-aft  is  sufficient  for  the  compensation,  as  the 
majority  of  ship's  are  built  on  one  or  other  of  the  other  intercardinal  points, 
and  thus  a  magnet  in  each  of  the  two  positions  referred  to  will  most  probably 
be  required.    Therefore,  besides  the  arrangement  of  magnets  in  Figs.  88, 

89,  90, 91,  there  are  others,  viz.,  for  different 
combinations  of  B  and  0,  and  Fig.  93  may 
be  taken  as  representing  a  vessel  after  being 
adjusted  lying  head  East,  but  having  been 
built  head  N.E.,  and,  hence,  with  a  —  B 
and  +  0,  and  requiring  an  arrangement  of 
Fig.  93.    —  B  and  -f  0.  magnets  as  in  annexed  figure. 

Fig.  93  also  shows  the  position  of  the  correctors  on  the  port  and  starboard 
sides  of  the  oompass  for  SLpoiitw0  quadrantal  deviation. 

299.  Correction  of  the  Heeling  Brror.— This  is  effected  by 
having  a  square  g^ove  cut  in  the  pillar  which  supports  the  compass  and 
inserting  a  magnet  in  a  vertical  position  immediately  below  the  centre  of 
the  card  when  the  ship  is  exactly  upright.  The  compass  having  been  com- 
pensated when  upright,  as  desoribed  in  Arts.  295,  296,  when  practicable  the 
ship  should  be  heeled  to  starboard  10^,  witii  her  head  in  the  direction  which 
was  north  by  compass  when  she  was  upright.  If  the  needle  be  drawn  to 
the  west,  which  will  be  indicated  by  the  ship's  head  appearing  east  of  nortih 
by  compass,  the  magnet  should  be  placed  in  the  groove  with  that  pola  wbioh 
repels  the  N.  {red)  of  the  needle  uppermost,  aad  must  be  slid  along  the 
groove  and  damped  sufficiently  near  the  needle  until  the  ship's  head  appears 
north  by  compass.  But  in  the  exceptional  cases  in  which  the  N,  (red)  end 
of  the  needle  is  drawn  to  leeward,  which  with  a  starboard  heel  before  the 
magnet  was  in  place  would  make  the  ship's  head  appear  west  of  north,  the 
pole  that  attracts  the  N.  (red)  end  of  the  compass  should  be  uppermost.  In 
other  words,  if,  as  is  generally  the  case,  the  heeling  error  is  to  windward  the 
N.  or  red  end  of  the  magnet  must  be  upi>ermost,  but  if  to  leeward  the  S.  or 
hlus  end  uppermost.* 

It  sometimes  occurs  that  the  compass  is  more  affected  by  heeling  to  stair- 
board  than  to  port,  and  at  other  times  the  reverse ;  therefore  the  ship  should 
now  be  heeled  to  port,  and  if  the  ship's  head  still  appear  North  by  compass 
the  compensation  is  perfect ;  but  if  not,  one-half  must  be  allowed  for  heeling 
in  each  direction ;  for  example  in  the  case  of  the  Standard  Compass  of  an 
iron  vessel  the  vertical  magnet  was  so  placed  as  to  cause  no  change  of  devia- 
tion when  she  was  heeling  to  starboard,  but  when  heeled  10^  to  port,  with 
her  head  North  by  compass,  she  was  found  to  be  over  compensated  3°,  which 
was  indicated  by  the  needle  being  drawn  3°  to  the  lower  side  of  the  ship,  the 

*  In  the  Royal  Navy  the  general  practic<)  is  to  employ  a  oylindrioal  magnet,  about  seven 
inches  long  and  three-fonrchB  of  an  inch  thick,  which  is  inserted  in  the  sopportini^  pillar 
of  the  Standard  Compass,  a  cylindrical  hole  being  accurately  bored  for  the  purpose,  but 
allowing  a  free  movement  for  the  magnet  up  and  down. 
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shipV  head  being  N.  3^  E.  by  compass.  This  error  being  divided  between 
the  starboard  and  port  heel,  and  the  vertical  magnet  lowered  until  the  ship's 
head  bore  N.  1°  30'  E.,  the  compass  having  a  change  of  deviation  amounting 
to  I**  30'  W.,  either  by  heeling  10®  starboard  or  10®  port.* 

It  must,  however,  be  remembered  that  the  correction  for  the  heeling  error 
is  only,  in  general,  exact  for  one  latitude-^the  magnetic  latitude  where  it 
was  made — and  must  be  tested  on  any  considerable  change  of  latitude  by 
observing  the  effect  of  the  heeling  of  the  ship  on  a  N.  or  S.  course,  or  by 
observing  the  vertical  force,  f.^.,  determining  it  The  sub-permanent  mag- 
netism below  the  compass  produces  the  same  result  in  all  latitudes.  That 
part  which  depends  on  permanent  vertical  force  varies  inversely  as  the  earth's 
horizontal  force,  and,  therefore,  will  diminish  as  we  approach  the  equator 
and  increase  again  as  we  pass  it,  whilst  that  part  which  depends  on  the 
induction  of  the  vertical  force  in  soft  iron  varies  as  the  tangent  of  the  dip, 
and,  therefore,  becomes  zero  and  changes  its  sign  as  we  pass  the  equator; 
unless,  therefore,  we  know  the  proportion  of  the  vertical  force  which  arises 
£rom  permanent  magnetism  to  that  which  arises  firom  induction  in  soil  iron 
we  cannot  predict  with  much  confidence  the  change  which  will  take  place  in 
the  heeling  error,  and,  hence,  the  desirability  of  determining  independently 
the  heeling  error  with  the  diip's  head  N.  and  S.  whenever  an  opportunity 
offers  on  any  distant  voyage.  After  crossing  the  magnetic  equator  it  may, 
in  some  cases,  be  desirable  to  remove  the  vertical  magnet,  and,  in  high 
south  latitudes,  to  place  it  in  a  reversed  position,  especially  if  there  be  much 
oscillation  of  the  compass  in  bad  weather.f 

300b  The  late  Astronomer  Boyal,  Sir  G-.  B.  AntT,  has  recommended 
that  an  arrangement  should  be  made  to  enable  masters  of  iron  ships  to 
correct  any  changes  in  the  deviation  by  bringing  the  compensating  magnets 
nearer  to,  or  removing  them  further  ^m,  the  compass,  as  the  case  may 

*  The  distance  at  which  the  vertical  magaet  ought  to  be  placed  below  the  compass  may 
l>e  aooorately  ascertained  by  either  of  two  methods  which  are  given  in  the  AitmraUff 
Mamml^  pftgw  145-146;  bnt  we  may  approximately  correct  the  heeling  error  of  the  Stan- 
dard Oompass  of  an  ordinary  iron  ship,  haying  its  qoadrantal  deviation  uneomctsdt  by 
jnoTing  tlu9  vertical  ma^et  nntil  nine  vibrations  of  uie  vertical  dipping  needle  on  board 
ooonpy  the  time  of  ten  vibrations  on  shore. 

Or,  if  the  qoadrantal  deviation  has  been  corrected,  then  by  moving  the  vertical  magnet 
till  39  vibrations  of  the  dipping  needle  on  board  occnpy  the  time  of  40  on  shore.— ^AiMra/^ 
Mamialf  page  147. 

t  The  heeling  error  not  only  causes  deviation,  bnt  also  unsteadiness,  and  in  some  oases 
when  a  ship  has  rolled  with  her  head  North  or  South  by  compass,  the  card  has  spun,  and 
this  has  rendered  it  impossible  to  keep  the  ship  on  any  required  point.  It  is  not,  however, 
always  found  that  compasses  having  the  largest  heeling  error  are  most  productive  of  this 
inconvenience.  This  unsteadiness  depends  on  two  conditions :  first,  the  amount  of  the 
change  of  Uie  deviation  arising  from  any  number  of  degrees  of  heeling ;  and,  second,  the 
existence,  or  non-existence,  of  isoohronism  between  any  number  of  the  periods  of  the 
vibrations  of  the  card  and  any  number  of  the  ship's  rolling,  leaking  this  latter  condition 
into  consideration,  when  inconvenience  has  been  experienced  arising  from  the  unsteadiness 
of  the  compass,  the  card  has  been  changed,  since  either  a  more  sluggish  or  more  active 
needle  could  be  more  or  leas  in  unison  with  the  ship's  roll.  "With  a  compensated  card, 
while  the  ship  remains  in  the  same  latitude,  if  we  choose  a  card  which  is  steady  when  the 
ship  rolls  witti  her  head  North  or  South,  it  will,  also,  be  steady  when  her  head  is  in  any 
other  direction.  Still  cases  have  occurred  in  which  a  compass  that  is  steftdy  in  odo  latitude 
has  vibrated,  and  even  spun,  when,  by  changing  the  ship's  place,  the  earth's  horiaontal 
force  has  changed.  To  obviate  this  difficulty,  washers,  made  to  rest  on  the  card  with  the 
cap  passing  throu^  the  middla^  have  been  employed  with  advantage. 
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require.  The  correct  magnetic  bearing  of  a  visible  point  being  known,  or 
the  magnetic  bearing  of  a  celestial  object  being  computed  beforehand  for  a 
time  azimuth,  place  the  ship,  by  means  of  a  dumb  card,*  with  her  head 
correct  magnetic  N.  or  S.,  and  move  the  athwartahip  magnets  till  the  compass 
points  correctly,  or  with  the  same  deviation  as  in  port 

Then,  similarly,  place  ship's  head  correct  magnetic  E.  or  W.,  and  move 
the  fore-and-aft  magnets  until  the  compass  indicates  E.  or  W.  correctly,  or 
the  remaining  deviation  is  restored.  Li  adjusting  the  tUhwarUMp  magneU 
care  must  be  taken  that  the  Mp  %%  uprighi.  By  this  means  the  same  table 
of  remaining  deviations  may  be  used  throughout  the  voyage,  whilst  the  ship 
is  upright ;  whereas,  had  the  magnets  been  so  placed  as  to  give  no  deviation 
on  either  of  the  two  cardinal  points  on  which  observations  had  been  made, 
the  seaman  would  be  left  in  doubt  as  to  the  amount  of  deviation  when  the 
ship's  head  was  on  any  other  point.  For  the  above  purpose  an  azimuth 
compass  may  be  used  instead  of  a  dumb  card,  by  stopping  tiie  card  with  the 
cardinal  point,  at  which  the  ship's  head  has  to  be  brought,  at  the  lubber  line. 

After  all  the  compensations  have  been  accurately  performed,  there  wiU 
still  remain  small  residual  errors,  for  these  the  ship  must  be  swung  and  a 
table  of  deviations  made  for  use. 


NAFIEB'S  DIAGBAM. 

301-  It  is  often  of  the  utmost  importance  in  various  branches  of  physical 
science  to  represent  tables  of  related  nfmb$r9  by  means  of  curve  lines,  or 
other  figures  that  show  to  the  eye  the  nature  of  the  relations  or  laws  expressed, 
or  rather  concealed,  within  the  mass  of  figures  constituting  the  tables.  Not 
only  does  such  a  mode  of  representation  at  once  manifest  these  laws — almost 
rendering  them  palpable — but  it  further  points  out  in  what  cases  natural 
laws  are  not  represented,  and  therefore  what  the  cases  are  that  require  a 
greater  amount  of  observation.  These  modes  of  representation  are  com- 
monly  known  as  Graphie  Jfethode. 

Various  ''graphic  methods''  of  delineating  the  deviation  have  been 
devised;!  but  the  method  introduced  here  is  due  to  J.  B.  Napibb,  Esq., 
P.B.S.,  and  is  one  peculiarly  adapted  for  this  purpose,  as  it  is  equally  appU- 
cable  whether  the  points  on  which  the  observations  have  been  made  are  or 
ard  not  precisely  equidistant  It  requires  no  calculation,  and  only  a  moderate 
degree  of  neat-handedness. 

The  method  consists  of  two  parts,  the  diagram  and  the  curve.  The  diagram 
b  the  same  for  all  vessels. 

*  Or  Bain  and  Ainblbt's  Courae  Corrector  may  be  used  for  thii  purpoae. 

t  Qraphio  Methods  for  correcting  the  ship's  coarse  for  the  Deviation  of  the  Compass  hare 
also  been  designed  by  Rear  Admiral  Btdbb,  Mr.  Archibald  Smith,  F.R.S.|  and  Mr.  W.  W. 
RuNDSLL.  Admiral  Rtdbr's  which  is  an  extension  of  Kapibb's  diagram,  is  published  by 
the  Admiralty.  Mr.  SMrrn's,  known  as  the  straight  line  method,  is  published  by  the  Board 
of  Trade,  and  alio  famished  to  H.M.  ships  for  fleet  tactics,  for  which  it  is  well  adapted* 
Mr.  BmiDUiL's  is  known  as  the  circular  method.    Thsy  are  all  useful  in  practioe. 
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30&    ConBtmctlon  of  the  Diagram.— In  this  method  the  diagram 
oonsists  of  a  central  or  vertical  line  of  convenient  length— say  i8  inches— 
vhich  may  be  considered  as  representing  the  margin  of  the  compass  card  cut 
At  the  north  point,  and  straightened  and  extended  in  the  following  way : — 
N  £  tt  W  N 

This  line,  which  may  be  taken  to  represent  no  deviation,  is  divided  into 
32  equal  parts,  representing  the  32  points  of  the  compass,  commencing  at  the 
top  with  North,  and  ranging  in  the  order  of  N.  by  £.,  N.N.E.,  &c.,  and 
•nding  with  North  at  the  bottom.  The  central  ]ine  is  then  interseeted  at 
eaeh  of  the  32  points  by  two  straight  lines,  one  a  plain  line  and  the  other  a 
doiUd  line.  The  plain  and  dotted  lines  make  an  angle  of  60^  with  the  central 
Mne  and  with  each  other,  and  with  the  parts  of  the  central  line  intersected 
form  a  set  of  equilateral  triangles,  and  so  converting  the  diagram  into  a 
simple  addition  and  subtraction  table.  On  the  right  side  of  the  central  line 
the  d0Ued  lines  incline  dawntoardtf  and  the  plain  lines  upwards.  The  reverse 
is  the  case  on  the  left.  In  other  words  the  central  line  is  intersected  at  the 
angle  of  60°  by  dotted  lines  drawn  upwards  from  right  to  left,  and  at  the 
same  angle  downward  from  right  to  left  by  plain  lines.  The  central  line  is 
farther  divided  into  360  equal  parts,  representing  degrees,  and  these  divisions 
are  numbered  from  0°  at  the  top  to  360^  at  the  bottom.  They  are  also  num- 
bered, according  to  the  usual  mode  of  dividing  the  compass  card,  from  o^  at 
North  and  South,  up  to  90®  at  East  and  West.  This  division  of  the  central 
line  into  degrees  serves  edso  as  a  scale  by  which  the  deviations  are  laid  ofL 

It  is  vsry  important  to  rsmmbsr  that  the  plain  lines  always  represent  Magnetic 
Courses^  and  the  dotted  lines  Compass  Courses, 

303>  Ibequlflite  Obseryations  to  be  made.— The  least  number 
of  observed  deviations  available  for  obtaining  a  complete  curve  are  the  devia- 
tions on  4  points  distributed  equally,  or  nearly  so,  round  the  compass ;  but, 
if  possible,  the  deviations  should  be  observed  on  8  or  more  points.  If  the 
.observations  are  observed  on  4  points  only,  these  should  be  at  or  near  N.E., 
S.E.,  S. W.,  and  N.W.,  and  from  these  it  is  possible  to  fonqi  a  fairly  approxi- 
mate curve.  The  points  next  in  importance  are  North,  East,  South,  and 
West.  If  the  deviations  have  been  observed  at  or  near  the  eight  principal 
points,  a  curve  can  be  drawn  which  will  give  the  deviation  on  every  point  of 
the  compass  within  very  small  limits  of  error.* 

304«  Cases  may  also  occur  in  which  by  the  ship  swinging  round  at  her 
anchors  in  a  tide- way  or  to  the  wind,  or  by  the  aid  of  a  steam-tug,  the  devia- 
tion may  be  observed  on  various  directions  of  the  ship's  head,  not  being 
necessarily  exact  points  of  the  compass ;  or,  similarly,  whilst  under  steam  or 
sail  at  sea,  a  number  of  azimuths  of  the  sun  may  be  observed,  and  hence  the 
deviation  obtained. 

*  The  examiation  of  a  coHeoiion  of  carves  made  from  actual  obeeryutions,  as  in  the 

report  of  the  Liverpool  Oompass  Committee,  ftc,  will  show  that  there  is  so  much  regularity 

that  these  interpolated  deviations  may  generally  he  relied  upon,  although  oertain  cases, 

such  as  the  U.S.8.  Eoanoke  (Report  of  Nautical  Aoademy  of  Sciences,  1 S63},  the  irregularities 

'areconsiderahle. 
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In  these  cases  the  Graphic  Method  here  described  famishes  a  ready  and 
effectual  mode  of  obtaining  a  result  on  which  the  errors  of  individual  observa- 
tions are  as  far  as  possible  compensated  and  any  egregious  errors  eliminated. 

309.  Ctenstmction  of  tke  Curve  of  Devlatioiis.— Basterly 
dOTlationB  are  laid  down  to  the  risbt  of  the  central  line,  westerly 
deTlations  to  the  lefU* 

The  amount  of  the  deviation  is  taken  from  the  scale  of  degrees  on  the 
central  line ;  then,  if  the  deviation  has  been  determined  with  the  ship's  head 
on  an  exact  compass  pointy  lay  off  the  amount  of  the  deviation  on  the  dotted^ 
line  which  passes  through  that  point ;  but  if  not  observed  on  the  exact  pointi 
then  on  a  line  parallel  to  the  dotted  line,  the  compass  course  or  direction  of 
the  ship's  head  being  still  taken  from  the  central  line,  and  mark  the  point  so 
determined  with  a  cross,  or  dot  Mioirded  in  ink.  Perform  the  same  operation 
for  each  observed  deviation.  Then  with  a  pencil  and  a  light  hand  draw  a 
flowing  curve,  passing  as  nearly  as  possible  through  all  the  crosses,  or  dots 
encird^d ;  and  when  satisfied  that  the  curve  is  good,  draw  it  in  ink.  This  is 
the  curve  of  deviations. 

If  any  of  the  pencil  marks  be  out  of  the  fair  curve,  it  may  be  assumed  that 
an  error  has  been  made  in  the  observation  for  that  point. 

NoTB.— When  the  carve  altera  its  form  considerably  Bear  the  North  point  as  in  fevertl 
Ou&TBB,  ExAMFLBS  POB  Pbacticb,  it  wiU  be  advisable  to  bring  the  North  points  of  the  din* 
0nm  together  in  the  form  of  a  dram  and  then  draw  the  enrve. 

The  process  will  be  best  understood  by  explaining  the  projection  oorres- 
ponding  to  the  observations  as  given  in  the  following  table  :^- 


Ship's  Head  by 
Standard  OompaM. 

Deyiation. 

Ship's  Head  by 
Standard  Oompasi. 

Deviation. 

North 

N.B 

East     

S.E 

6«3o'W. 
13     0  W. 
aa   15  W. 
aj   30  W. 

South  

8.W 

West    

a8   35  E. 

19   15  B. 

3    0  B. 

Deviation  Curve  0  in  Diagram. 

I.  The  first  compass  oonrse  on  which  an  observation  has  been  made  Is  Notth^  and  the 
observed  deviation  is  6'  30'  W.  With  a  pair  of  dividers  take  from  the  central  line  a  distance 
equal  to  deviation  6^°,  and  from  North  on  the  central  line  lay  off  the  deviation  00  the  dotted 
Ime  which  passes  through  that  point  towards  the  left— the  deviation  being  W.;  at  the 
extremity  of  the  distance  make  a  dot  or  cross. 

*  Li  Bear  Admiral  Btdbb's  plan,  the  central  line  is  the  diagonal  of  a  square  and  the 
other  Hnes  make  angles  of  45°  with  it,  and  at  right-angles  to  each  other  and  to  the  sides  of 
the  square,  which  sides  are  divided  into  360° ;  the  top  and  bottom  representing  correct 
magnetic  courses,  the  sides  compass  courses.  By  this  method  the  correct  magnetic  course 
oorresponding  to  a  given  compass  course,  or  the  compass  course  corresponding  to  a  given 
correct  magnetic  course,  is  found  as  by  a  table  of  doublA  entry.  The  two  methods,  it  will 
be  seen,  are  the  same  in  principle.  Mr.  Napibb's  will  perhaps  be  found  more  convonieot 
in  oonstmction  by  the  expert;  Admiral  Bydsk's  more  simple  in  use  by  the  inexpert. 

t  If  the  table  of  deviations  are  given  for  the  oorreet  magnetle  courses  and  not  the  eonfast 
ODurses  or  direction  of  the  ship's  head,  the  same  process  is  gone  through,  except  that  Uie 
deviations  are  in  that  case  laid  off  on  the  plain  lines.  It  is,  however,  now  generally  under- 
stood that  this  plrooedure  is  contrary  to  practice  and  may  lead  to  eixor. 
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a.  The  feoond  oompaas  oonne  on  which  an  obterraUon  hu  been  made  la  N.E^  and  the 
obseired  deviation  is  13^  o'  W.  With  dividers  take  from  the  central  line  a  distance  equal 
to  deyiation  13°,  and  from  N.E«  on  the  central  line  lay  it  off  on  the  dotted  line— to  the 
left— donation  being  W. :  and  the  point  so  determined  mark  with  a  orois  or  dot. 

3.  The  third  compaas  coarse  on  which  an  observation  has  been  made  is  East,  and  the 
observed  deviation  is  aa^  15'  W.  Take  from  central  line  aa^^,  and  from  E.  on  central  line 
and  on  the  dotted  line  passing  throngh  it,  lay  off  the  observed  deviation  to  the  left— devia- 
tion being  W. ;  and  mark  the  point  so  determined  with  a  dot  or  cross. 

4.  Compass  course  S.E.,  observed  deviation  a 3®  30'  W.  Take  from  the  central  line  a  ■ 
distance  equal  to  deviation  23}°,  and  from  S.E.  on  the  central  line  lay  off  on  the  dotted 
line  passing  through  the  same  point  the  amount  of  deviation— to  the  left— the  deviation 
being  W. ;  make  a  dot. 

5.  Compass  course  South,  deviation  5°  30'  E.  Measure  on  the  central  line  a  distance 
equal  to  deviation  s\*  and  having  found  compass  course  South  on  the  central  line,  lay  off 
the  amount  of  deviation  on  the  dotted  line  which  passes  through  it  towards  the  right-* 
deviation  being  K;  and  make  a  dot  or  cross. 

6.  Compass  course  S.W.,  deviation  aS«  35'  E.  From  the  central  line  take  a  distance 
equal  to  observed  deviation  28}%  and  having  found  8.W.  on  the  central  line,  lay  off  on  the 
dotted  line  passing  through  that  point  the  amount  of  deviation  to  the  right— deviation  being 
E. ;  make  a  dot  or  cross. 

7.  Compass  oourse  West,  observed  deviation  19*  15^  E.  Measure  on  the  central  line  a 
distance  equal  to  deviation  19^*,  and  from  West  lay  off  on  the  dotted  line  passing  through 
that  course  the  amount  of  deviation  towards  the  right— deviation  E. ;  and  make  a  dot  or 
cross. 

8.  Compass  course  N.W.,  deviation  3°  o'  E.  Take  from  central  line  a  distanoe  equal  to 
3®,  and  lay  off  on  the  dotted  line  passing  through  N.W.  the  amount  of  deviation  {f) 
towards  the  right— deviation  E.;  and  make  a  dot. 

9.  Then,  with  a  penoll  and  a  light  hand,  draw  a  flowing  curve,  passing  as  nearly  as 
possible  through  all  the  crosses  or  dots,  and  if  satisfied  with  the  curve  in  pencil,  draw  it  in 
ink. 

VoTB.— The  leaner  ehoiild  take  a  psir  of  diTiden  and  go  thiongli  the  above  prooeas  on  the  diagnuns  here 
given  (see  Plate  I).    He  should  then  take  the  blank  diagram  (see  Plate  II),  and  make  the  onrve  on  it. 

Ex.  2.  Oonstruot  a  onrre  of  deYiationg,  using  for  the  purpose  the  following 
obserrations : —    (See  DoTiation  Ourve  A  in  Diagram). 


Ship's  Head 
Standard  ^pass. 

Deriation. 

Ship^sHead 

by 

Standaxd  Oompass. 

Deriation. 

North    

N.E. 

aa  30  E. 

26  50  K 
17     0  K 

South     

S.W 

!•  50'  E. 
15     0  W. 
a6     0  W. 
27     0  W. 

East  

West     

W.W.     •••••••• 

8.B 

The  following  describes  the  process  of  construction : — 

I .  With  a  pair  of  dividers  take  from  the  central  line  a  distance  equal  to  deviation  i®  15', 
or  1^*,  and  from  North  on  the  central  line,  lay  the  distance  off  on  the  dotted  line  passing 
through  that  point  and  towards  the  left— heing  W. ;  at  the  extremity  of  the  distance  make 
a  dot  or  cross. 

a.  Take  from  the  central  line  a  distance  equal  to  as}*  (aa*  30'),  and  lay  it  off  on  the 
4ott^  line^  from  N^  towardg  the  ri^ht— hein^  E^i  make  a  dot  pr  crosSt 
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3.  Take  from  the  central  line  a  distance  eqnal  to  26|*  (ati*  50'}*  and  lay  it  off  on  the 
dotted  line,  from  East  towards  the  right— being  E. ;  make  a  dot  or  cross. 

4.  Take  from  the  central  line  a  distance  eqnal  to  1 7<*  (17*  o*),  and  lay  it  off  on  the  dotted 
line,  from  S.E.  towards  the  right— being  E. ;  make  a  dot  or  cross. 

5.  From  the  central  line  take  a  distance  eqnal  to  i{^  (i*  50*),  and  lay  it  off  on  the  dotted 
line,  from  South  towards  the  r ght— the  deviation  being  E. ;  make  a  dot  or  cross. 

6.  From  the  central  line  take  a  distance  eqnal  to  15^,  and  lay  it  off  on  the  dotted  line, 
from  S.W.  towards  the  left— the  deviation  being  W.;  make  a  dot. 

7.  From  the  central  line  take  a  distance  eqnal  to  26°,  and  lay  it  off  on  the  dotted  line, 
from  N.W.  towards  the  left— deyiation  being  W.;  make  a  dot. 

8.  From  the  central  line  take  a  distance  eqnal  to  27%  and  lay  it  off  on  the  dotted  line, 
from  W.  towards  the  left— deviation  being  W.;  make  a  dot. 

9.  Repeat  the  admeasurement  first  made^  from  North,  at  the  lower  end  of  the  central 
line. 

10.  TlieDy  with  a  pencil  and  a  light  hand,  draw  a  flowing  cnrve,  passing  as  nearly  aa 
possible  through  all  the  dots  or  crosses ;  when  satisfied  that  the  cnrre  is  good,  draw  it  ia 
ink.    This  is  the  cnrre  of  deviation. 

Ex.  3.  Oonstraot  a  onrre  of  deviationB,  using:  for  the  purpose  the  following 
observations : —    (See  DoTiation  Ourre  B  in  Diagram.) 


8hip*8Hea4 
Standard  Compaw. 

Deviation. 

SUp^sHead 
Standard  Oompan. 

Deviation. 

North    

N.K 

<f  22'  W. 

7   14  B. 

10  44  E. 

6  iS  E. 

Sonth    

S.W 

West     

*I»W.    •••••••• 

oP  16'  W. 

6  16  W. 
II  50  W. 

7  5*  W. 

East  

8.E 

Selecting  those  dotted  lines  which  pass  through  the  points  representing  the  different 
directions  of  the  ship's  head,  the  deviations  are  laid  off:  thns,  at  North,  we  mark  off  o|* 
(0*  22*)  to  the  left  on  the  dotted  line  passing  through  North— beoanse  deviation  is  West;  at 
N.E.,  we  take  7^*  from  the  central  line,  and  lay  it  off  to  the  ri^ht  (deviation  being  B.)  on 
the  dotted  line  passing  through  N.E. ;  at  East,  10}*  is  taken  from  the  central  line  and  laid 
off  to  the  right  on  the  dotted  line  passing  through  East;  and  so  with  the  others,  being 
earefal  to  remember  that  the  known  deviations  mnst  be  laid  down  on  the  dotUd  lines,  $aiUri^ 
to  the  right  and  ioaUrlf  to  the  left  of  the  central  line.  The  curve  is  then  drawn  neatly 
through  all  the  points  so  laid  down. 

306>  Bow  the  Carre  is  used.— The  oorre  of  deviations  having 
been  oompleted,  the  diagram  a£Ebrds  a  ready  and  oonvenient  method  of  ap- 
plying the  deviation  to  the  ship's  oonrse.  This  oorreotion  may  be  required 
as  follows:— 1st,  from  the  oompaM  ooane  which  has  been  steered,  it 
may  be  required  to  find  the  correct  magnetic  coarse  to  be  laid  down 
on  the  chart;  2nd,  firom  the  correct  magnetic  coame  given  by  the 
chart,  it  may  be  required  to  find  the  compaSB  coarse  on  which  the  ship's 
head  ought  to  be  kept ;  3rd,  if  one  or  more  bearings  of  the  land  are  takeui 
to  correct  these  bearings  by  the  amount  of  the  deviation  dmUth§ 
iir0ctiOH  of  the  $kip^$  h$ad  ai  ih$  time.  The  corrections  are  given  by  the 
fidlowing  rules:— 

9»S 
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307.    To  find  the  Deyiation  on  any  CompaM  Cteurae. 

.      .  EULE  XO. 

On  the  central  line  find  the  given  course ;  then^  with  a  pair  ofdividerB^  meaeure 
the  distance /rom  that  point  to  where  the  curve  eute  the  dotted  line  panning  through 
the  eoune;  but  if  no  dotted  line  proceeds  from  the  course^  then  meoiwefrom  the 
course  on  the  central  line  to  the  curve  in  a  direction  exactly  parallel  to  the  nearest 
dotted  lines :  that  distance  measured  on  any  part  of  the  central  line  will  give  the 
deviation  in  degrees* 

Ex«  I.  What  18  the  deviation  on  CompUB  Conne  N.E.  by  N.  (a)  for  the  deTiation  cnrre 
B ;  {b)  using  the  deviation  curve  A  P 

(a)  Having  foand  the  given  conne  on  the  central  lin'»,  with  a  p<iir  of  dividers  meaimre 
the  distance  from  N.E.  by  N.  to  where  the  curve  oota  the  dotted  line  proceeding  from  that 
point;  thia  distance  taken  to  the  central  line  gives  6^  £. 

{b)  Measnring  with  a  pair  of  dividers  the  distance  from  N.E.  by  N.  to  where  the  carve 
•nts  the  dotted  line  prooeoding  from  that  pointy  the  deviation  measarad  on  the  central  line 
is  found  to  be  19*  E. 

Ex.  a.    Bequired  deviation  in  compass  course  W.S.W.,  using  deviation  A. 

Find  W.8.W.  on  the  central  line,  measure  the  distance  from  that  point  to  where  the 
curve  cuts  the  dotted  line  proceeding  from  it;  this  distance  taken  to  the  central  line  gives 
deviaUon  ai}«  W. 

Ex.  j.    What  is  the  deviation  for  compass  course  N.E.  }  N.,  using  the  curve  0  f 

Fl>ice  one  leg  of  a  pair  of  dividers  at  K.E.  }  N.  on  the  central  line,  and  from  thence 
measure  th6  distance  to  the  curve  in  a  dirsetion  exactly  paralM  to  the  nearest  dotted  lines ; 
this  distance  taken  to  the  central  line  gives  the  deviation  lai""  W.,  the  deviation  for  K  JS. }  N. 

Ex.  4.  Find  the  deviation  for  Standard  Compass  Ooorse  N.  S4*  W.,  using  deviation 
eurve  A. 

Find  K.  S4*  t7.  on  the  central  line,  and  placing  one  foot  of  a  pair  of  dividers  on  that 
point,  from  thence  measure  the  distance  in  the  direction  of  an  imaginary  line  drawn  parallel 
to  the  nearest  dotted  lines ;  apply  this  distance  to  the  central  line,  which  shows  the  deviation 
for  the  ship's  course  is  26}^  W. 

EZAMFLEB  FOB  FRAOnOI. 

Bequired  the  deviation  for  each  of  the  following  compass  oonrseSi  using  (a) 
the  curve  A,  and  {b)  the  curve  0 : — 

.  8.8.E.;  N.E.  by  N,;  N.W.;  N.W.byN.;  aW.by  W.;  W.N.W.;  Bouth;  N.48«B.; 
8.  5a»  W. ;  B.  by  8.  J  8. ;  N.  41**  W. ;  and  8.  38-  B. 

.  NonL-»Persons  may  diifer  one  or  two  degrees  in  their  estimate  of  what  constitutes  a  fafr 
^nrve;  it  is  therefore  quite  hkt*ly  that  stadeots  may  find  their  answers  dUFer  a  degree  or 
two  from  (hose  given  in  this  work. 

'  308«  We  have  now  the  following  easily  applied  solution  of  the  two 
following  problems : — 

L  Problem  Z.— From  a  Ctempass  Cteaney^to  find  the  eorrespoadio^ 
Correct  BCasnetic  Coursei 
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309.  Oiveii  the  Standard  Compass  Coarse,  to  find  the  eorres- 
pondiDg  Correct  BCagnetic  Course. 

EDLE  XOI. 

On  ih$  cmirdl  Un»  find  th$  g%v0n  Standard  Campau  Course,  and  movs  on  the 
dotted  Un$  draum  from  it,  or  in  a  direetian  parallel  to  the  dotted  linos  till  you 
roaoh  th$  ewrvOf  and  then  move  on  a  plain  line,  or  in  a  direction  parallel  to  the 
plain  lines,  till  you  get  back  to  the  central  line.  The  point  on  the  central  line 
at  which  you  arrive  ie  the  correct  magpdetie  course  required.* 

KoTB.— Th«  diffeutioM  in  the  aboT«  rale  are  eMieet  done  by  Meana  of  a  pahr  of  dividers. 
To  raoTe  on  the  dotud  tine,  or  in  a  direction  paraUel  to  it»  pUoe  one  leg  of  a  pair  of  dividen 
on  the  oonne,  and  the  other  leg  at  that  point  on  the  oarve  which  is  intersected  by  the  dotted 
line  proceeding  from  the  course,  or  a  point  on  the  carve  where  a  line  indodtid  between 
the  teg  ot  the  dividern  on  the  central  line  and  the  leg  on  the  curve  ahall  be  exactly  parallel 
to  the  naarest  d<Hted  lines,  then  to  return  to  the  oentral  line— keep  the  fiist  leg  <if  the 
dividers  fix^'d  and  lift  the  other  off  the  carve,  move  in  a  direction  pardUel  to  the  plitn  lime 
nntil  yon  r<*aoh  the  central  line ;  the  point  where  the  dividers  cat  ihe  central  line  shows  the 
correct  magnetic  courHe;  or  keep  the  leg  of  the  dividers  which  is  on  the  cnrve  fixed,  and 
move  the  other  leg  off  the  central  line  paraUel  to  the  plain  line  nntil  it  again  cote  the 
oentral  line^  which  indicates  the  correct  magnetic  ooarse  required. 

EZAHPLBS. 

Ex.  I.  The  conrse  steered  by  standard  compas«  is  N.N.E. :  what  is  the  correct  aiagnetie 
coarne  to  lay  down  on  the  chart  (asing  the  curve  0  in  the  diagram,  Plate  1). 

Find  the  given  compass  coarse  N.N.ES.  on  the  oentral  line,  then  take  a  pair  of  dividers, 
put  one  leg  of  the  dividers  on  N.N.E.,  from  which  extend  the  other  leg  alonq;  the  dotted 
line  passing  through  the  point  till  the  carve  is  reached,  then  keeping  the  leg  on  the  central 
line  fixed,  ssove  the  one  off  the  curte,  and  then  retom  to  the  oentral  line  in  a  diieotion 
parallel  to  the  plam  line ;  it  will  be  found  to  intersect  it  at  K.  13I®  E.,  or  K.  by  E.  ^  E<| 
nearly,  the  required  correct  magnetic  course. 

Ex.  s.  The  ooarse  steered  by  cosspass  is  N.B.  by  K. :  required  the  oorrsot  magaetl6 
Qourse  (using  curve  A,  plate  I). 

FoQow  the  dotted  line  extending  from  N.E.  by  N.  to  where  the  curve  cuts  it,  by  placing 
one  leg  of  a  pair  of  dividers  on  the  course  found  on  the  central  line  and  the  other  at  the 
point  where  the  dotted  passing  through  N.B.  by  N.  oats  the  oarve»  then  keeping  the  leg  on 
the  ceniral  line  fixed,  lilt  the  other  from  the  curve  and  move  in  the  direction  of  the  nearest 
plum  lines  till  the  oentral  line  is  reached;  then  the  ooireot  magaetio  courie  will  be  found 
to  be  N.  s^"  K-t  or  N.E.  |  E.,  nearly. 

Ex.  3.  The  course  steered  is  S.8.W. :  required  Che  correct  magnetic  coune  (using  cnrve 
G,  plate  I). 

Place  one  leg  of  the  dividers  on  the  compass  course  S.S.W.  on  the  oentral  line  and  the 
other  on  the  place  where  the  detted  line  proceeding  from  it  is  interseotAd  by  the  curve,  thea 
keeping  the  leg  on  the  central  Uoe  fiznd,  return  with  the  other  leg  to  the  central  linv  in  a 
direction  parallel  to  ih.^ plain  line,  it  will  be  seen  that  the  eorreet  mtgoetio  course  is  8.  W.^  W. 

Ex.  4.  The  oourse  steered  by  compass  is  S.E.  \  E. :  required  the  corresponding  correot 
magnetic  course  (using  oarve  0,  Plate  I). 

Place  one  leg  of  the  dividers  on  8.E.  J  E.  on  the  oentnd  line,  and  the  other  ^»g  on  the 
curve,  being  careful  to  keep  the  two  points  of  the  dividers  exactly  parallel  to  the  nearest 
dotted  lines,  then  lift  the  leg  off  the  curve  and  return  to  the  central  line,  the  place  where 
this  last  line  intersects  the  oentral  line,  shows  the  correct  magnetic  coarse  to  be  S.  tsV  ^^t 
or  E.  by  S.  \  8. 

*  It  will  be  otserved  thtit  this  is  merely  the  addition  or  subtraction,  a^  the  c  irve  is  to 
the  right  or  left  of  the  oentrMl  line,  of  tiM  deviation  on  the  couroe,  em  'C  the  ihiee  ttidt-s  of 
the  taaagle  ASU  passid  over  1^  tba  pepMil  or  ^|^  frf  dsuMaia  «ff  «U  sqiiaL 


Digiti: 


zed  by  Google 


I7«  JDivMiMi  •f  fll#  Cmptm. 


Ex.  5.  (Ht6ii  the  itondard  oompnu  oonims  N.  38°  E.  and  S.  49*  W.;  reqidnd  Uia 
oorreot  magnetic  oonnee  (osing  the  A  deyiation  corre^  Plate  I). 

Place  one  leg  of  the  dmders  on  the  standard  compass  course  K.  38^  E.  on  the  central 
line,  and  move  the  other  leg  oat  in  a  direction  parallel  to  the  nearest  dotted  line  until  it 
meets  the  oorre;  then,  keeping  the  leg  which  is  on  the  central  line  fixed,  moye  the  other 
leg  in  the  direction  of  Uie  j»£sw  lines  until  it  returns  to  the  central  line.  The  point  aniTod 
at  shows  the  wrrni  magnetic  course  is  N.  58*  E.,  nearly,  or  N.E.  hy  E.  ^  E. 

In  a  similar  manner  the  correct  magnetic  course  is  found  to  he  S.  33*  W* 
ETAMyr.EW  voB  FsAoncn. 

In  each  of  the  following  examples  the  oompass  coone  is  given,  to  find  the 
oorresponding  torrtt^  magnetic  coarse,  using  curve  A  and  curve  0. 

OurreA.— N.4i*W.;  N.65»3o'E.;  8.  38'E.;  8.79»W.;  West;  N.E.;  8.E.JE. 

Omrve  O.-N.  39*  W. ;  N.  48*  E. ;  8. 50'  E. ;  N.  78-  W. ;  8. 76»  E. ;  and  8.  47*  W. 

Problem  ZX.— From  a  given  C^orrect  BCagnetic  Ctenne  to  find 
the  corresponding  CompaM  Croone- 

BULE  xon. 

On  ih$  emiral  /mm  tah  (k$  ^wen  correei  magnetic  caurie,  and  move  an  th$  plain 
Urn  drawn  Jram  thai  point  or  in  a  direction  parallel  to  the  plain  Una  till  you 
arrive  at  the  curve:  and  then  move  on  a  dotted  line,  or  in  a  direction  parallel  to 
the  dotted  Unee  tUl  you  get  hack  to  the  central  Une.  The  point  on  the  central 
line  at  which  you  arrive  is  the  compass  course  required.* 
See  Note  to  Bnle  XOI,  page  371. 

FiTAWFTiES. 

Ex.  t.  GiT«n  ooRSot  magnetic  course  NJ^  JS.,  to  find  the  corresponding  oompass  coons 
(using  eorre  0). 

Place  one  leg  of  the  dividers  on  N.N.E.  on  the  central  line,  extend  the  other  leg  to  the 
spot  where  thei»Mi  line  proceeding  from  K.N.E.  meets  the  curve;  then  keeping  the  leg 
on  the  central  line  fixed,  lift  the  one  on  the  canre  and  return  to  the  central  line  in  a  direc- 
tion parallel  to  the  dotted  line»  it  wiU  he  found  to  intersect  at  K.E.  by  N.,  the  required 
course  by  standard  compass. 

Ex.  a.    What  compass  course  will  make  correct  magnetic  8.E.  (using  cunre  A). 

Find  8.E.  on  the  central  line ;  place  one  leg  of  the  dividers  on  the  spot  and  the  other  leg 
on  the  cunre  where  theirfoilpi  line  that  passes  through  8.E.  cuts  the  curve;  then  keep  the 
leg  that  is  on  the  central  line  fixed,  lift  the  other  leg  off  the  curve  and  move  it  in  the  direo- 
tlon  of  the  nearest  dotted  line  till  it  again  touches  the  central  Une ;  the  compass  course  that 
makes  eorreet  magnetic  8.E.  is  shown  on  the  central  line  to  be  8. 67]''  E.,  or  E.8.E. 

Ex.  3.  It  is  found  from  the  chart  that  the  correct  magnetic  coarse  from  the  ship's  posittoii 
at  noon  to  the8tart  Point  is  N.  86<*E.  What  course  must  be  steered  by  Standard  Oompasi 
(using  curve  O)  f 

Find  the  correct  magnetic  course  N.  86*  E.  on  the  vertical  line;  place  one  foot  of  the 
dividen  on  the  spot»  then  follow  thence  with  the  other  leg  in  a  direction  parallel  to  the 
nearest  pUin  line  until  it  meets  the  curve,  and  then,  return  with  the  other  leg  to  the  central 
line  in  a  direction  parallel  to  the  dotted  line ;  the  compass  course  required  is  8.  69}*  E. 

•  To  assist  the  memory  the  following  thyme  is  given  in  the  Admiralty  Bianual  :— 

I. 
**  Trom  compass  couise  magnetic  course  to  gain. 
Depart  by  doited  and  return  by  plain." 

IL 
'<  But  if  you  wish  to  steer  a  course  allotted, 
Take  pliOa  from  chart  and  keep  hsr  hssd  on  dctlsd." 
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Ej.  4.    Beqaifed  ihe  oompaas  conne  to  make  correct  magnetic  W.  by  N.  (amng  onrre  A). 

Place  one  leg  of  the  diyiders  on  W.  by  N.  and  the  other  on  the  curre  where  the  plain  lioe 
that  paases  through  W.  by  N.  cnts  it ;  then  keep  the  leg  that  is  on  the  central  line  fixed, 
bnt  lift  the  other  off  the  curve  and  move  it  in  the  direction  of  the  dotttd  line  till  it  again 
touches  the  central  line;  it  will  then  be  seen  that  the  compass  course  that  makes  eorred 
magnetic  W.  by  N.  is  N.  51°  W.,  or  N.W.  }  VV. 

Ex.  5.  Given  the  correct  magnetic  courses  K.  64**  E.  and  N.  85*'  W.,  to  find  the  Standard 
Compass  course  (using  the  0  deviation  curve,  Plate  I). 

Find  K.  64°  E.  on  the  central  line;  place  one  leg  of  the  dividers  on  the  point  and  the 
other  on  the  curve,  being  careful  to  keep  both  legs  of  the  dividers  exactly  parallel  to  the 
nearest  plain  line ;  keep  the  leg  of  the  dividers  that  is  on  the  central  line  fixed  and  move  the 
other  in  the  direction  of  the  nearest  dotted  line  till  it  meets  the  central  line ;  the  point  of 
intersection  in  this  instance  is  N.  85}°  £. 

In  a  similar  manner  the  Standard  Compass  Course  corresponding  to  correct  magnetic 
course  N.  85°  W.  is  found  to  be  8.  70»  W, 

Examples  for  PAAoncB. 

In  eaoli  of  the  following  examples  the  oorreot  magnetic  oonrse  is  given,  to 
find  the  compass  course  (using  curve  A  and  curve  0). 

CurveA.-S.73»3o  W.;  N.4aOi5'E.;  8,  i5<>3o'W.;  N.  i4<»ij'E.;  N,6a0  45'E.; 
K  i5*»  S. ;  W.  45**  8. ;  N.E.  by  N. ;  W.S.W. 

Curve  C.-S.  44^  W.;  N.  sH""  B.;  S.  50°  E.;  S.  la**  W.;  N.E.  J  E. 

310a  We  shall  now  proceed  to  show  the  application  of  the  foregoing 
rules  to  Questions  7,  8,  9,  and  10,  of  List  B,  which  contains  the  questions  on 
the  Deviation  of  the  Oompass  required  of  Oandidates  for  Certificates  as 
Haster  Ordinary. 

QxTBSTiov  7.    List  B. 

311-  Oiven  the  bearings  of  a  distant  object  3y  Standard  Campois 
on  eight  equidistant*  points,  to  find  the  Correct  Magnetic  Bearing  of  the 
distant  object^f  and  thence  Deviation. 

BULE  xcm. 

I^    Xf  the  Compass  Bearings  are  all  of  the  same  name, 

ie.,  if  they  are  all  reckoned  y^om  N.  or  S.,  towarde  E.  or  W. : 

Take  the  sum  of  the  Bearinge  in  each  column^  ihen  add  these  iume  together^ 
and  divide  hy  S;  the  result  ie  the  Correct  Magnetic  Bearing  of  the  distant 
object  of  the  same  name  at  the  Standard  Compass  Bearings. 

Nora,— A  bearing  Iforth  or  SotUh  must  be  ezpreesed  «s  o^  whilst  Sast  and  JFett  bearing 
must  be  expressed  as  90P,  reckoned  either  from  North  or  South  (as  most  conyenient)  towards 
East  or  West ;  thus  East  may  be  written  as  N.  90*  K,  or  as  S.  90*  E.;  similarly  West  may 
be  written  either  as  N.  90°  W.  or  a  90°  W. 

*  The  eight  equidistant  points  are  the  four  cardinal  points  and  the  four  quadrantal 
points,  Tis.,  N.W^  S.W.»  S.E^  and  N.E. 

t  The  Gorreot  Magnetic  Bearing  thus  found  is  not  strictly  aoourate ;  it  will  differ  from 
the  oorreot  quantity  by  what  is  cafied  the  co-effioient  A,  if  no  heeling  error  be  mixed  up 
with  the  bearings  given  in  the  Table.  The  oo-efficient  A  is  found  by  adding  the  Devia- 
tions (algebraioiilly),— that  is,  add  together  the  Westerly  deviations,  also  add  the  Eisterly 
deviations  together,  and  take  the  less  from  the  greater,  and  mark  the  difference  of  the  sime 
name  as  the  greater— and  divide  by  8.  Ezperienoe  and  theory  seem  to  show  that  a  more 
satis&otory  result  may  be  obtaioed  by  a  more  simple  process.  Instead  of  addingthe  eight 
together  and  di^diag  by  8,  add  the  beariags  when  ship's  head  at  E^st  and  at  West,  and 
difide  by  1;  the  resnU  is  the  coneot  magnetic  bearing  required. . 
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2^    Zf  the  Compass  Bearings  be  of  different  names  i 

(a)  If  some  of  the  Bearings  ar$  reckoned  from  North  and  the  others /row 
South: 

Ttie  either  net  from  1 8o^  and  they  will  all  he  reek&nedfrom  the  same  point 
North  or  South ;  the  name  a»  to  East  or  West  remaine  unaltered;  add  all 
the  hearinge  together  and  divide  hy  8,  the  reeuU  ie  the  correct  magnetic 
bearing,  of  the  same  name  ae  the  unaltered  bearings. 

(b)  If  some  of  the  Bearings  are  towarde  the  East  and  others  towards  the 
West: 

Find  ihe  sum  of  thaee  which  are  reckoned  towarde  East ;  and  aleo  the  suni 
ofthoee  which  are  towarde  the  West ;  then  take  the  lees  from  the  greater,  and 
mark  the  difference  of  the  same  name  ae  the  greater ;  the  reeult  divided  hff 
8  givee  the  Correct  Magnetic  Bearing  of  the  distant  object,  which  ieofthe 
same  name  ae  the  difference. 

NoYB.— Oa  thelbttt  g^ven  at  the  Marine  Board  BxamtiMtioiis  there  it  aet  saffioients^oe 
to  perfbrm  the  last  mentioned  addition  and  division :  there  is  only  room  to  iad  tke  ii^t  two 
sums;  the  rest,  however,  can  be  finished  in  the  margin. 

3^    To  find  the  Deviation  for  each  of  the  given  Croorses.— 

(a)  If  the  Oorrect  Magnetic  and  Oompass  hearinge  are  of  like  namee : 

Take  their  difference. 

(b)  If  on0  ie  reckmiftdfirom  North  and  the  other  from  South,  first  tahe 
the  direct  Magnetic  Bearing  from  i8o^  and  the  remainder  wilt  have  ^ 
same  name  ae  the  compass  bearing,  then  take  the  difference  hetween  the 
Oorrect  Magnetic  and  Oompass  Bearings. 

(c)  ^  both  hearinge  are  from  North  or  both  from  South,  hut  one  ie 
towards  East  and  the  other  towards  West,  take  their  sum : 

The  difference  or  sum  will  be  the  deviation. 

4"".  To  Hame  the  X>eviation8.— ^  the  Oorrect  Magnetic  Bearing  ie 
to  the  right  of  the  Oompass  Bearing  the  deviation  ie  East,  hut  tf  to  the  left  it  ie 

West. 

EXAMPLE  I. 
In  the  following  Table  give  the  eorrect  magnatio  bearing  of  the  distant 
object,  and  thence  the  Deviation. 


Ship's  Head 

Stnnlsrd 
Compaw. 

Bearing  of 

Distant  Otjcct 

by  Standard 

Compass. 

DeyUtion 
Bequired. 

syp'sHead 

by 

Standard 

Oumpasa. 

Bearing  of 

Distant  Objeot 

by&tandixd 

Oompass. 

Deviatian 
Required. 

North    •... 
N<jB<  •••••• 

East   

8.E 

8.  4t^W. 
8.J9  W. 
8.  64  W. 
B.  60  W. 

Sonth    .... 

8.W 

West 

N.W 

6.  46«»W. 
8.  25  W. 
8.  iS  W. 
8.  as  W. 

KoTS.~The  abore  it  the  form  in  which  the  Table  is  givton  at  the  Local  Marine  Board  Bsamiiutionv.  Hib 
Table  is  printed,  excepting  the  oolomns  of  Beariagi,  which  the  Wximinsr  fills  up  ia  wiitiig.  Xhs  fcUowing 
Is  tbs  •Mfs  ssMtfyllB  ^nwted  1-^ 
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8hit»'tHead 
Staniwd 

Bwiincof 

Dis  ant  Objeot 

by  Standard 

Conpasa. 

Deviation 
Bequired. 

Ship'aHaad 

by 

Ptandard 

Oompaaa. 

Bearing  of 

DiKtant  Object 

byStandaid 

uompaoa. 

Deriation 
Beqnired. 

North     .... 

NE 

E.8t    

BE.   

8.41'W. 
8.  59  W. 
8.  64  W. 
8.  60  W. 

i»E. 
22  W. 

iS  w. 

Sonth     .... 

R.W 

Wi^at 

N.W 

8.46-W. 
8.  25  W. 
8.  18  W. 
8.  23  W. 

4'W. 

17  E. 
14  E. 
.9E. 

8.  2?4<»W. 
&  iia  W. 


S.  iia^W, 


8.  4s*  W.  =  Correct  magnetic  bearing  of  distant  object. 

Here  we  first  add  together  the  eight  given  bearings  of  the  distant  objeot,  making  336^, 
and  divide  the  snm  by  8,  giving  as  the  result  8. 42*  W.,  the  correct  magnetic  bearing  of  the 
distant  objeot. 

We  next  take  the  difference  b^^tween  the  correct  magnetic  bearing  thns  obtained  and 
each  bearing  given  in  the  table;  thns,  with  the  ship's  head  at  North,  the  bearing  by  oom- 
t>as8  is  8. 41*  W.,  and  the  .difference  between  this  and  the  correct  magnetic  bearing  8. 42*  W. 
is  1%  and  becanae  the  eerrtet  magmtic  bearing  is  to  the  right  hand  of  the  standard  com|Niss 
bearinsr  the  deviation  is  East  Aicain,  with  the  ship's  head  at  N.E.,  the  compass  bearing  is 
8.  59*  W.,  and  the  difference  between  this  and  the  dwnet  magn$tie  bearing  8. 42^  W.  is  17% 
hnt  now  the  conest  magnetic  bearing  ia  to  the  left  of  the  compass  bearing,  hence  the  devia- 
tion is  West,  and  so  on  with  the  remaining  beasings,  and  the  work  will  stand  as  follows :-« 

Ship's  Head.  N.  N.E.  East.  8.E. 

Odrreot  mag.  bear.        *  8.  42^  W.  8.  42*  W.  fl.  42*  W.  8.  42*  W. 

Standard  com.  bear.        8.  41   W.  8.  59  W.  8.  64  W.  8.  60  W. 


Deviatien 

Ship's  Head. 
Correct  mag.  bear. 
Standard  com.  bear. 

Deviation 


I  E. 

S. 
S.4i"W. 
8.  46  W. 

""  W. 


17  w. 
S.W. 

S.  42«W. 

8.  25  W. 


E. 


as  W. 

West 

8.42»W. 
8.  18  W. 

34  E. 


18  W. 

N.W. 
8.42*  W. 
8.  23  W. 


4  w.  17  Jfi.  34  JS.  19 

Nora.— In  the  above  work,  the  deviations  are  obtained  by  subtraoting  the  leas  bearing  ftom  the  greater, 
beeanaa  they  are  all  of  the  aame  name.    (See  ZCm,  }•  and  4^  page  374). 

Quisnov  8.    List  B.    (See  Bule  XOII,  Problem  11,  page  37a. 

From  the  above  table  constract  a  Napibb's  Carve,  and  give  the  oovraes  yov  woold  ateer 
Vy  standaid  compass  to  make  the  following  oooreee  oorreot  magnetic  :— 

(I.)    8.B.  (a.)    N.B.JB.  (3.)    8.  i6- W.  (4,)    E.  J  N. 

To  OOBitniet  the  Curve  from  the  Table. — With  a  pair  of  dividers  take  from  the  central 
line  1°,  the  deviation  for  ship's  head  North ;  and  lay  it  off  from  North,  on  the  central  line 
along  the  dotted  line  passiog  through  the  given  pointy  and  towards  the  right — ^being  East; 
at  the  extremity  of  the  distance  make  a  dot  or  oross.  Next  take  17*"  from  the  central  line, 
and  with  one  foot  of  the  dividers  on  N.E.  on  the  central  line,  lay  off  this  distance  on  tha 
dotted  line  passing  through  the  given  point  and  to  the  left,  becanse  the  deviation  is  West. 
Proceed  in  like  manner  with  the  deviation  at^  W.  at  East;  wtth  18*  W.  the  deviation  at 
B.E. ;  and  with  4**  at  W.  the  deviation  at  Soath.  The  deviation  at  8.W.,  Weet,  and  N.W. 
being  easterly,  must  be  applied  to  the  rii<ht  of  the  central  line  along  the  d$ii$d  Ime^  pro* 
needing  ft*am  thoee  points.  New  draw  with  a  penoil  a  oorve  passing  as  nearly  as  possible 
through  the  pointa  found,  and  when  satiaftod  with  i|s  mptemityi  draw  it  ia  ink. 
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To  find  ih$  Standard  Cbrnpau  Cburfi.— (i.)  Place  one  foot  of  a  pair  of  dinden  on  8.E.  on 
the  oentTHl  line,  and  the  other  foot  on  the  point  where  the  plam  line  extending  from  8.E.  is 
ont  hy  the  onrre ;  then  keeping  the  first  foot  fixed  and  lilb  that  on  the  corve,  moving  it  in  a 
direction  parallel  to  the  nearest  dotted  line,  towards  the  oentral  line;  the  compass  oonrse 
that  makes  ^arrtet  magnetic  6.E.  is  shown  on  the  oentral  line  to  be  8. 29**  £.,  or  8.6.E.  |  B^ 
(easterly). 

(a.)  Take  N.E.  J  E.  on  the  oentral  line,  then  placing  one  foot  of  the  dividers  on  that 
spot,  extend  the  other  foot  from  this  point  and  parallel  to  the  nearest  plain  line  till  it  cats 
the  cnrve ;  then  keeping  the  fir^t  foot  fixed,  move  the  one  on  the  curve  parallel  to  the 
Bearest  dotUd  line  and  towards  the  oentral  line ;  the  compass  oonrse  that  makes  €orr$d 
magnetic  N.E.  J  E.  is  shown  on  the  central  line  to  he  E.  by  N.  |  N. 

(3.)  Hace  one  foot  of  the  dividers  on  8. 16*  W.  on  the  oentral  line^  and  extend  the  other 
foot  parallel  to  the  nearest  plain  line,  and  to  the  rifkt  until  it  meets  the  carve ;  then  keeping 
the  foot  on  the  oentral  line  fixed,  move  the  foot  on  the  curve  thence  parallel  to  the  nearest 
dottid  line  until  it  arrives  at  the  central  line,  which  shows  that  the  oompaBS  course  to  be 
steered  is  8.  9^  W.,  nearly,  in  order  to  make  8. 10^  W.  correct  magnetic. 

(4.)  One  foot  of  the  dividers  being  placed  on  E.  ^  N.,  move  the  other  foot  to  the  left 
from  that  spot  and  parallel  to  the  nearest  pUm  line  until  it  is  cut  by  the  curve ;  from  thence^ 
keeping  the  first  foot  fixed  on  the  oentral  line,  move  parallel  to  the  nearest  doited  line  till 
the  central  line  is  reached;  the  compass  course  that  makes  correct  ^magnetic  E.  ^  N.  is 
shown  on  the  oentral  line  to  be  S.  72°  E. 

QxTXsnoir  9.    Lux  B. 

Suppose  you  steer  the  following  courses  by  the  standard  compass,  find  the  conreot'mag* 
netic  courses  from  the  curve  drawn :— (See  Ph>blem  I,  Bule  XGI,  page  371}. 

(lO    8J5.E.|E.  (a.)    S.|W.  (3.)    E.byN.|N.  (4.)    N.JW. 

(i.)  To  find  the  Correct  Magnetie  Course.— With  one  foot  of  the  dividers  on  6.S.E.  |  E. 
on  the  centrsl  line,  move  the  oiber  foot  ou  a  line  to  the  fft  and  parallel  to  the  nearest 
dott$d  line  until  it  cuts  the  curve;  then  keeping  the  first  foot  fixed,  move  the  foot  on  the 
curve  from  thence  parallel  to  the  nearest  piainone  and  towards  the  central  line ;  the  earned 
magnetio  course  is  at  once  seen  to  be  8.  45^^  E. 

(a.)  Placing  one  foot  of  the  dividers  on  8.  |  W.  on  the  central  line,  move  the  other  foot 
on  a  line  to  the  right,  parallel  to  the  nearest  dotted  line  and  cntiini^  the  carve ;  from  thence, 
keepiog  the  first  foot  fixed  on  the  central  line,  move  in  a  direction  parallel  to  the  nearest 
plain  line  until  the  central  line  is  reached;  the  correct  magnetio  coarse  is  thus  shown  to  be 
S.  io«  W. 

'  M  Take  the  point  on  the  oentral  line  representiDg  E.  by  N. }  N.,  place  a  leg  of  the 
dividers  on  that  point  and  move  the  other  leg  in  a  direction  parallel  to  the  dottfd  lines,  and 
afier  meeting  the  curve,  return  parallel  to  the  plain  lines,  until  the  central  line  is  sgain 
reached;  the  correct  magnetio  cour^ie  is  thus  found  to  be  K.  48^^**  E. 

(4.)  One  le?:  of  the  dividers  being  fixed  on  N.  }  W.  found  on  the  central  line,  move  the 
other  leg  in  a  direc  ion  parallel  to  the  dotied  lines  till  the  carve  is  reached ;  and  from  thence 
returning  to  (he  oentral  line  in  a  direction  parallel  to  the  plain  lines,  we  find  correct 
magnetic  course  is  North. 

QuxsTioir  10.    List  B. 

312«  GlTen  the  BeariDga  of  tiro  (or  more)  distant  objects  by  the  Stan- 
dard Compass  and  also  the  Azimuth  of  the  Ship's  Bead :  required  the  ooxreot 
xaa^etio  bearing  of  these  objeotSt 
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BXJLE  XOIV. 

I®.  Find  th$  DeTiation  cmreiponding  to  th$  direction  of  the  ship's  head, 
UUng  iifnm  the  Napi&r^t  Ihviatim  Curve  toith  a  pair  ofdmder$. 

2^  j^hf  i^  Deviation  tkui  found  (keeping  the  legs  of  the  dividers  the 
same  distance  apart)  to  the  Bearing  of  dutant  ohfeet  hy  Standard  Compaee^ 
^\XB— Place  onelegofihe  dividere  on  the  part  of  the  central  Knc  tohich  repretenie 
the  Standard  Compaee  Beariniff  and  lay  the  other  leg  on  the  central  line. 

Upwards  if  deviation  for  ship's  head  is  W. 
Downwards  if  deviation  for  ship's  head  is  E. 

The  mimber  of  degrees  there  indicated  mU  le  the  correct  magnetic  bearing  >Wm 
N.  or  8.  towards  the  E.  or  W. 

The  following  bearings  of  distant  objects  have  been  taken  by  the  Standard  Oompaas  as 
above ;  with  the  ship's  head  as  given,  find  the  coneot  magnetic  bearing. 


Ship's  Head. 

Oompus  Bearing. 

Ship's  Head. 

OompaM  Bearing. 

1. 

9. 

West    

6.8.E 

East. 
E.  by  8.  i  S. 

3. 
4- 

nAjb 

N.*W. 
W.^S. 

On  the  central  line  find  the  given  course,  West^  and  with  a  pair  of  dividers  measure  the 
distance  from  the  point  to  where  the  curve  cnts  the  dotUd  line  proceeding  from  the  oonrse  & 
this  distance  taken  to  the  central  line  gives  deviation  24^  B.  for  ship's  head  at  West 

We  next  apply  the  deviation  to  East— the  bearing  of  distant  object  by  standard  compass 
•*by  placing  one  leg  of  dividers  on  central  line  at  Bast  and  laying  the  other  leg  on  the 
central  line  dawmponb  (the  deviation  being  Bast),  the  nnmber  of  degrees  there  Indicated; 
whence  the  correct  magnetic  bearing  of  distant  object  is  8.  66^  B. 


Again^  ship's  course  8.8.E.  is  found  on  the  central  line;  with  dividers  measure  from 
thence  to  where  the  doittd  line  proceeding  from  given  coarse  is  cut  by  the  deviation  curve; 
this  distance,  taken  from  the  central  line,  gives  deviation  if  W. 

The  standard  compass  bearing  of  distant  object  taken  when  ship's  head  was  at  S.8.E.  is 
E.  by  8.  i  8.y  or  8.  76°  E.,  to  which  apply  deviation,  found  as  above,  by  placing  one  leg  of 
dividers  on  8.  76*'  E.  on  the  central  line,  and  applying  the  other  leg  upwardt  on  the  centrd 
line  (deviation  being  West) ;  the  result  is  the  correct  magnetic  bearing  8,  89*  B, 

The  deviation  due  to  E.  |  N.— the  direction  of  the  ship's  head— is  found  on  deviation 
onrTetobeaa|''W. 

Apply  this  deviation  to  compass  bearing  N.  |  W.,  or  N.  8<>  W^  itpwardk  on  the  central 
Una  (deviation  being  West),  which  gives  correct  magnetic  bearing  of  distant  object 
K.  3oi^  W. 

H  JS.  ^  B.  Is  the  next  given  direction  of  the  ship's  head,  and  applied  to  the  oential  liae^ 
the  deviation  for  which  on  curve  is  found  to  be  18®  W. 

The  deviation  thus  found  being  applied  upufordt  from  W.  i  8.,  or  8.  87*  W.,  givei  the 
coneot  magnetic  bearing  of  distant  object  8.  69*  W. 
000 
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EXAMPLE  n. 

I.    In  the  following  Tahle  give  the  correct  ^u^pletio  hearing  of  the  distant  ohjeot^  and 
thence  the  Deviation  :— 

(Oorreot  Magnetic  Bearing  of  distant  ohject  :=  N.  89°  4'  W.) 


Ship's  HMd 

StanLrd 
CompaaA. 

Beuinffof 

DistantObject 

by  Standard 

Compass. 

Deviation 
Bequiied. 

Ship's  Head 

Standard 
Oompaaa. 

Bearinff  of 

DistantObject 

by  Standard 

Compass. 

Deyiation 
Bequired. 

North    .... 

N.B 

East  

8.E.    

8.  87'W. 
8.  70  W. 
8.  71  W. 
8.  81  W. 

11  E. 
20  E. 
10  E. 

8outh     .... 

8.W 

West 

N.W.     .... 

N.  87<»W. 

N.  n  w. 

N.  68  W. 
N.  71  W. 

2«W. 
21    W. 

17  w. 

8.3io»W. 
&  418  W. 


N.  302»W. 
(180  X  4)  =  7ao 

8.  418  W. 


8.  91  W.  =:  Correct  magnetic  hearing. 
180 

or  N.  89  W. 
In  this  example  the  hearings  given  in  the  left  hand  colnmn  are  reckoned  from  8.  towards 
W.,  while  the  bearings  in  the  right  hand  column  are  reckoned  from  N/towards  W. ;  there- 
fore, before  adding  np  the  latter  colnmn,  each  bearing  most  be  sabtracted  from  180*,  and 
the  remainder,  in  each  case,  is  the  bearing  reckoned  from  8.  towards  W. 
Sabtnusting  N.  87^' W.  from  i8oPi=  8.   93'' W.  whidh  put  in  the  place  of  N.  S?"*  W. 
N.  75  W.    w     180  =  a  105  W.  „  „  N.  75  w. 

•  N.68W.    „     i8o=s:8.  112W.  „  „  K.  68  W. 

N.  71  W.    „     180  =  8. 108  W.  „  „  N.  72  W. 

We  may,  however,  proceed  as  above,  vis.: — add  np  the  Bearings  reckoned  from  N. 
towards  W. ;  and  since  there  are  four  bearings  so  reckoned  (from  N.  towards  W.) ;  take 
the  nm  from  720  (180  X  4) ;  the  remainder  is  the  snm  of  the  bearings  to  be  reckoned  from 
8.  towards  W.  It  is  evident  that  to  subtract  the  sum  of  the  fmr  bearings  from  720*  is  the 
same  thing  as  to  subtract  each  bearing  from  i8d*  and  to  add  the  remainders. 


Ship's  Head.  H. 

Oorrect  mag.  bearing       8.  9 1*"  W. 
8.  88  W. 


Compass  bearing 

Deviation 

Ship's  Head. 
Correct  mag.  bearing 
Compass  bearing 

Deviation 


3  B. 

S. 
N.  89»W. 
N.  87  W. 

T  w. 


N.E. 
8.  9i»W. 
8.  70  W. 

21  E. 

S.W. 
N.  89«W. 
N.75  w. 


East. 
S.9i»W. 
8.  71  W. 

20  E. 

West 
N.89»W. 
N.  68  W. 


8JL 
8.0I-W. 
S.  Ii  W. 

10  B. 

N.W. 
N.  ^•W. 
N.  7*  W. 


14  W.  21  W.  17  w. 

n.    From  the  above  Table  construct  a  Kapibb's  curve,  and  give  the  oourses  yon  would 
steer  by  standard  compass  to  make  the  following  courses  correct  magnetic  :— 

(I.)    W.  by  8. 1 8.       (2.)    N.JB.       (3.)    E.  |  N.       (4.)    S.E.|S. 
•     jUuvw9:^t.)    West,        (2.)    N.  i<»E.       (3.)    N.6o«B.        {4.)    8. 49°  B. 
Non.— For  the  method  of  oonatraoting  the  onrre,  see  Vo.  305,  page  367,  and  for  nle  to  And  standaid 
oompass  oonrse  to  steer,  see  Bnle  ZOn,  page  37a. 

m.    Suppose  you  steer  the  following  courses  by  standard  compass,  find  the  oorieet 
magnetic  courses  from  the  curve  drawn : — 

(x.)    Noriih.       (2.)    8J3.W.JW.       (3.)    E.  by  8.  J  8.       {4.)    N.B.|B. 
wi|«w#rf.--(i.)    N.fB.        (2.)    fiUisrW,       C3-)    S.59^B,       (4.)    N.7i*B, 
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rV.    YoQ  haye  taken  the  following  bearings  of  a  distant  object  by  your  standard  oompass 
B  aboTo;  with  the  ship's  head  as  given,  find  the  oorreot  magnetic  bearing. 


Ship's  Head. 

OompasB  Bearings. 

Ship's  Head. 

Oompass  Beazings. 

8.*W ,. 

N.W.byW... 

8onth. 
E.|N. 

N.N.E.JE.    .. 

S.B....; 

8.W.i8. 
B,JB. 

By  the  onrre  the  deyiation  for  ship's  head  8.  |  W.  is  5)*  W. ;  then  placing  one  lag  of  the 
dividers  on  compass  bearing  Sonth  on  central  line,  and  laying  the  other  leg  upwardt  (devia- 
tion being  West;,  the  correct  magnetic  bearing  of  distant  object  is  found  to  be  S.  5}°  E. 

The  deviation  by  the  cnrve  for  ship's  head  N.W.  by  W.  is  17^  W. ;  then  placing  one  leg 
of  the  dividers  on  the  part  of  central  line  representing  compass  bearing  E.  }  N.,  Uie  other 
leg  applied  upwards  on  the  central  line  intersects  it  at  N.  63^  E. :  what  is  the  corxeot  mag- 
netic blsaring  P 

For  pontion  of  ship's  head  N.N.E.  |  E.  the  deviation  by  the  cnrve  is  i8|^  E. ;  placing 
one  leg  of  the  dividers  on  the  compass  bearing  S.  W.  ^  8.,  and  laying  the  other  Uff  down* 
wmrdt  (deviation  being  East)  it  shows  the  correct  magnetic  bearing  to  be  S.  60}^  W. 

Ship's  head  8.E.  gives  on  cnrve  deviation  io}°  E. ;  one  leg  of  dividers  placed  E.  ^  8.  and 
the  other  leg  applied  datpnwardt  (deviation  being  East)  gives  on  central  line  correct  mag- 
netic bearing  8.  76}"  E. 

EXAMPLE  III. 

QiTBsnoir  7.    List  B. 
L    From  the  following  Table  find  the  correct  magnetio  bearing  of  the  distant  object,  and 
thence  the  deviation : — 


Ship's  Head 

StanLid 
Oompass. 

BeazinKof 

DistantObjeot 

by  Standard 

Oompass. 

Beriaiion 
Bequijed. 

Ship's  Head 

StanSazd 
Oompass. 

Beaiincof 

DistantObject 

byStaadaid 

Compass. 

Deviation 
Bequixed. 

North    •  •  •  • 

N.E. 

East  

8.E 

N.    i*E. 
Iff.  13  W. 
N.  15  W. 
N.    8  W. 

Sonth     .... 

8.W 

West 

N.W 

K.    30W. 
N.    1  E. 
N.   9  E. 
N. la  E. 

In  this  example  some  of  the  bearings  are  towards  East  and  the  others  towards  West;  we 
therefbre  write  down  in  one  column  those  which  are  renkoned  towards  East,  and  add  these 
up;  we  likewise  write  down  in  another  column  those  which  are  reckoned  towards  West, 
and  add  up  this  column ;  the  less  sum  being  subtracted  from  the  greater  gives  as  a  remainder 
N.  16*  o'  W.,  which  divided  by  8  gives  N.  a*  W.  for  the  correct  magnetic  bearing:  the 
work  will  stand  thus : — 

Ship's  Head.       Oompass  Bearings,  Ship's  Head. 

North  nT  i«E.  N,B. 

S.W.  N.    I  E.  East 

West  N.    9  E.  8.E. 

N.W.  N.  f a  E.  South 

N.I^E. 


Oorreot  magnetic  bearing  is  N.   2  W. 
The  deviaticAi  for  each  position  of  the  ship's  head  is  next  to  be  found,  and  we  proceed  as 

follows  !— 

Ship's  Head.  North.  N.E.  East.  8.E. 

Oorreot  magnetic  bearing    N.  a*  W.  N.    a*  W.  N.    a»  W.  N.  a-  W. 

Oompass  bearing  N.  i  E.  N.  13  W.  N.  15  W.  N.  8  W. 


Nri3-W. 
N.  15  W. 

N.    8  W. 
N.    3  W. 

N. 

N. 

39  y- 

a3  B. 

8)N. 

16  W. 

Deviation 


3  W. 


II  E. 


13  E. 


6  E. 
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Ship's  Head.  South. 

Oomct  magnetic  bearing  N.  s"*  W. 

Compass  bearing  K.  3  W. 

Deviation 


8.W. 

West. 

N.W. 

N.  a»  W. 

N.  2«  W. 

N.   a^W. 

N.I  E. 

N.9  E. 

N.12  K 

IX  W. 


14  W. 


I  E.  3  W. 

QTTXBTioir  8.    List  B. 
IVom  the  above  Table  constrnct  a  Napib&'s  oorve,  and  give  the  conrses  yon  will  steer  by 
standard  oompass  to  make  the  following  conrses,  correct  magnetic. 

I.    N.B.JB.  a.    W.8.W.  3.    N.N.W.  4-    S.aB. 

5.    N.N.E.  6.    8.  i8|»W.  7.    N.4<»E.  8.    S.62j«E. 

irora.—For  tha  method  of  oonstruoting  the  oorre,  see  No.  305,  page  367,  and  for  Bule  for  finding  standard 
oompass  courses  to  steer,  see  Problem  n,  Kule  0X17,  page  37a. 
AniW0r».^i.    N.40»B.         a.    8. 76»W.         3.    N.  i4j»W.         4.    S.a6*E. 
5.    N.  18  E.         6.    8. 19  W.         7.    N.   5    E.  8.    8. 73  E. 

QuxBTioir  9.    List  B. 
Sappose  you  steer  the  following  conrses  by  the  standard  compass,  find  the  ooxreot  mag- 
netio  ooorses  from  the  c^^rve  drawn : — 

I.    B.byS.i8.  a.    KJN.  3.    8.  85' W.  4-    N.  i^'E. 

Vot  the  Bole  for  woiking  this  Question,  see  Problem  I,  Kale  XOI,  page  371. 
Aniw$r$^i.    S.65j*E.         a.    N.  84i»E.         3.    N.  741'*  W.         4.    N.  i}«  W. 

QTTBsnoir  10.    List  B. 
Yon  have  taken  the  following  bearings  of  distant  objects  by  your  standard  compass  as 
above^  with  the  ship's  head  as  given,  find  the  correct  magnetic  bearings.    (See  Bole  XO, 


Ship's  Head. 

Oompass  Bearing. 

Ship's  Head. 

Oompass  Bearing. 

SJLbvE 

W.iN 

N.68»E. 
8.  54  W. 

S.S.W.1W. .. 
N.fE.    

N.4'E. 
South. 

Hie  deviation  by  curve  for  ship's  head  8.E.  by  E.  is  7)°  E.,  and  the  correct  magnetio 
bearing  corresponding  to  N.  68^  E.  is  found  to  be  N.  75}"*  E. 

Ship's  head  W.  i  N.  gives  on  curve  the  deviation  11®  W.,  whence  the  correct  magnetio 
bearing  corresponding  to  compass  bearing  8.  54^  W.  is  found  to  be  S.  43^  W. 

Ship's  head  S.S.W.  )  W.  gives  deviation  i}°  W.  on  the  curve,  and  the  correct  magnetio 
bearing  oonrasponding  to  compass  bearing  N.  4^  E.  is  found  to  be  N.  a}^  E. 

8hip*s  head  N.  |  E.  gives  on  curve  the  deviation  o,  whence  the  correct  magnetic  bearing 
is  South— the  same  as  the  oompass  bearing. 

EXAMPT.TM  TOR  PjLkOnOB. 
EXAKPUI  I. 
I.    Tnm  the  following  Table  find  the  correct  magnetic  bearing  of  the  distent  otjeot,  and 
thenoe  the  deviation :— 

(as.  3 — .    Heeling  10'' to  Port.) 


Ship's  Head 

Ste^Lcd 
Oompass. 

Bearing  of 

DistantObjeot 

by  Standard 

Oompass. 

Deriation 
Bevaixed. 

Ship's  Head 

StanLzd 
Oompass. 

Bearing  of 

BistantObjeet 

by  Standard 

Oompass. 

Deviation 
Beviiied. 

North  •••• 
NJL    .... 

East 

&E. 

W.  I  8. 
W.19  8. 
8.  6a  W. 

South  .... 
8.W.    .... 
West   .... 
N.W.  .... 

8.  76»W. 
W.ia  N. 
W.19  N. 
N.  7a  W. 

«4MiMr.— Ooneot 


bearing,  West,  or  &  90''  W. 
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In  snoh  a  case  as  this,  where  the  bearings  aie  near  the  East  or  West  points,  and  are  giTon 
from  difEsrent  points,  they  must  all  be  expressed  from  either  the  North  or  South  point  by 
taking  their  equiyalents  as  follows,  where  they  are  all  expressed  for  the  North  point. 

The  first  bearing  is  expressed  from  the  North  towarda  the  West.  The  seoond  bearing  is 
expressed  from  the  West  towards  the  South,  but  by  adding  90®  we  get  the  equiTalent  bear- 
ing N,  91^  W.;  similarly,  the  third  bearhig  becomes  N.  109^*  W.  The  fourth  bearing 
a  61P  W.  is  taken  from  180"*,  and  this  becomes  N.  118**  W.,  and  the  fifth  bearing  is  alio 
taken  from  1 80^,  and  the  equivalent  bearing  is  thus  found  to  be  N.  104^  W.  The  sixth  and 
serenth  bearings  being  reckoned  from  W.  to  N.,  subtracting  each  from  9O*,  whence  we  get 
N.  78<*  W.  ind  N.  71''  W.  as  the  respectiye  equiTalent  bearings.  The  last  bearing  being 
N.  72*"  W,,  is  written  down  as  it  stands,  unchanged. 

.d<llMMr.^-De▼iations— I.  13®  W.  2.  i^B.  3.  i9»B.  4.  28*  B.  5.  14®  B. 
6.     i2»W.        7.    19°  W.        8.    18°  W. 

n.  From  the  aboTe  Table  construct  a  Napibb's  curre,  and  giye  the  courses  yon  would 
ateer  by  the  standard  compass  to  make  the  following  oooxses  cozreot  magnetic ; — 

I.    NJliN.  2.    B.  by  8.  J  8.  3.    S.8.W.JW.  4.    N.N.W.JW. 

udfiMMr.'— f.    N.4i'*B.  2.    N.  87»B,  3,    8.28«W.  4.    N.  io*»W* 

nL  OiTen  the  fbllowing  oouxees  steered  by  standard  compass  to  find  the  correct  mag- 
nelu)  oonnee  from  curye  drawn  :— 


I.    N.byK}E.  2.    S.aE.|B.  3.    W.^S. 

uftoiMr.— I.    N.6}*B.  2.    8.  2<»E.  3.    S.  69^*  W. 


4.    W.byN.fN* 

4.    N.890W. 


IV.    You  haye  taken  the  following  bearings  of  distant  objects  by  your  standard  compass 
with  the  ship's  head  S.E.  by  B.  |  E. :  find  the  correct  magnetic  bearing. 

Standard  compass  bearings:— W.  by  N.  ^  N.  and  N.  |  W. 

.^iMi0W.— DeTiationa:— X.    26°  E.  2.    20^  W. 

Oonect  magnetic  bearings:*!.    N.ii^'W.  2.    N.  x8''W. 

TJhrAiTPT.n  TT. 

I.    From  the  following  table  find  the  correct  magnetic  bearing  of  the  distant  object 
and  thence  the  deyiation :— 


aUp'sHMd 

8tJS«rd 
Oompan. 

Beuinffof 

Distant  Object 

byStazid&rd 

OomiMtfs. 

Deviation 
Beanind. 

Ship's  H6ad 

Sta^Lrd 
OompsM. 

BMoinffof 

DiitantOljeot 

by  Standard 

D«Tiation 
Baqulnd. 

North  •••• 
N.B.    .... 

Bast 

8J1 

N.42»W. 
N.  17  W. 
N.  9W. 
N.  17  W. 

South  .... 
8.W.    .... 
West   .... 
N.W 

N.  44*W. 
N.  68  W. 
N.  76  W. 
N.64W. 

AntuMT  ;— -Oorrect  magnetic  bearing  N.  42®  W. 

Deviationa  o*";  aj^W.;  33°  W.;  25»W.;  2°B.;  26«B.;  34'' B.;  22*' B. 

IL    From  the  aboTO  table  construct  a  Napibb's  our?e  and  give  the  courses  you  would 
steer  by  standard  compass  to  make  the  following  courses  correct  magnetic  :— 

I.    K.W.^W.  2.    8J:.iS.  3.    B.  iS.  4*    w.fa 

J3mm:^u    TSt.i^ow.  2,    S.  24*>B.  3.    S,58«B.  4.    B.szipVl. 

HL    Suppose  you  steer  the  fbUowing  courses  by  standard  compass,  find  the  correct  mag» 
netio  courses  from  the  curre  drawn : — 

I.    W.byN.iN.        2.    South.         3.    B.byN.iN.        4.    N.byB.iB. 
Anim$r:^t.    N.39''W.  2.    S.i|0W.  3.    N.43t'B.  4*    N.7^B. 
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TV.    Ton  1mt«  takm  th.  fonowing  bwtrings  of  dut«nt  objeeta  1>y  yonr  standud  oompaai 
•a  abore;  with  the  ihiti^a  bead  aa  giTon,  flad  the  oomot  magnatio  bMiiag: — 


COiip'iHeiid 

Beaiinsr  of  Distant 

Otjeot  by  Standard 

Oompaas. 

sup's  Head. 

Bearing  of  Distant 

ObfeetSy  Standard 

Oompass. 

8.B 

N.  by  B.  4  B. 
N.  by  W.  1  W. 

W.byS.fS... 
N.B.iB,    .... 

%iN. 

aw:  J  8. 

KbyS 

jlnnMr;— DeTiatioiuforS.B.is25*W.;  for  E.  by  8.  is  3a'' W.;  for  W.  by  8. 1 8.  Is  3a*  B. ; 
N.B.  i  E.  is  a6}'  W. 

Oonrect  magnrtio  bearings  N.  Zo^  W.;  N.  sa""  W.;  8.  64^  B.;  8.  io«  W. 

Epakpli  m. 

I.    From  the  following  table  find  the  correct  magnetio  bearing  of  the  distant  objeot,  and 
thenee  the  deviation : — 


Shfp^s  Stead 

StaXrd 
OompaM. 

Bearing  of 

DistantObjoet 

by  Standard 

Compass. 

D«Tiation 
Baquired. 

Ship*s  Head 

Standard 
Cknnpass. 

B«aiinffof 

Distant  Object 

byStandaid 

Oompaas. 

Defiatien 
SeQiiired. 

North  .... 

N.B 

East 

8.B. 

N.  ifW. 
N.35W. 
N.41W. 
N,  35  W. 

South  .... 

8.W 

Wert   .... 
N.W 

N.  *3'W. 

N.    aW. 

N.   5B. 

North. 

AMiPiT  >*Oorreot  magnetic  bearing  N.  iS«  6'  W. 
Deviations:— 5^  W.;  p^'B.;  23®  B.;  i7*B.j  5«B,;  16®  W.;  a3»  W.;  i8®W. 

H.    From  the  aboTe  table  construct  a  Napier's  cnnre,  and  give  the  courses  you  would 
steer  by  standard  compass  to  make  the  following  courses  correct  magnetio  :— 

I.    N.JW.  a.    B.J8.  3.    N.W.  by  W.  J  W.  4.    W.JS. 

Atmrn:-'!.    North.  a.    N.73«B.  3.    N.44<»W.  4.    N.  7i«W. 

m.    You  have  steered  the  following  courses  by  standard  compass :  find  the  ootreot 
nu^netic  courses  from  the  curve  drawn  :— 

I.    B.JN.  a.    8JB.tB.  3.    N.^W.  4.    S^W.^S. 

Jbmm:--!.    8.7aJ®&        a.    8. 35*>B.        3.    N.  i6J'W.       4.    8.a7*»W. 

lY.    You  have  taken  the  following  bearings  of  distant  objects  by  your  standard  compass ; 
with  the  ship^s  head  as  given  below,  find  the  correct  magnetic  bearing :— 


Ship^sHead. 

Bearing  of  Distant 

Objootby  Standard 

Oompass. 

Ship's  Head. 

Beazinf  of  Distant 

Objeotby  Standard 

OompBBS. 

S.W.  #8 

North 

B.i8. 
8.E.  1  S. 

N.B.iN 

B.by8.i8. .. 

W.JS. 

B.iS. 

Anmoir  .-—Deviations :— 14°  W. ;  5**  W, ;  i6»  B. ;  aa«  B. 
Otereot  magnetio  bearings^  N.  S^  B.;  8.  4a*  B.;  N.  77<>  W.;  8.  6f  B. 
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EZAHFLII  IV. 

L    IVom  the  i^Iloving  TMe  find  the  oorreot  magnetic  bearing  ^  the  diiUn^  objeot,  and 
ihenne  the  deviatioii  :— 

(8.8.  Bojfol  CharUr,  before  oompensation). 


Ship's  Head 

StanLid 
Oompaoi. 

Bearing  of 

DiatantObjeot 

by  Standard 

Oompaaa. 

Deviation 
Beqnized. 

Ship's  Head 

StanLxd 
OompaBB. 

Beatinffof 

Distant  Objeot 

by  Standard 

Compass. 

SeWatkm 
Beqnized, 

Korth  .... 
N.E.    .... 
jsiass     •  •  • . 
o.Jfi*      •  •  •  • 

N.8i»E. 

N.  79  B. 
N.  68  E, 
N.4SE. 

8oatb  .... 
8.W.    .... 
vt  est   • . . . 
N. W .  •  •  •  • 

N.  i6'»E. 
N.    1  E. 
N.    8E. 
N.51  E. 

.^iiMMr.**-Oeneot  magnetic  bearing  K.  44^  E. 
^iiM0ir.P-.DeyiAtioiiB:— I.    37*  W.  a.    35*  W.  3.    240W.  4.    4®  W. 

5.    a8*»K  6.    4a»E.  7-    3fi*B.  8.    7«W. 

n.    From  the  above  Table  oonstmot  a  Na:fib&*b  curFe,  and  give  the  oounes  yon  would 
Steer  by  standard  compaiB  to  make  the  following  oonrees  ooireot  magnetic: — 

I.    KJN.  a.    N.|W.  3.    abyW.JW.  4.    wijN. 

Jkmm:-^!.    8.77*E.  a.    N.ag'E.  3.    8. 7*  E.  4.    8.53'^W. 

m.    8appose  yon  steer  the  following  oonnet  by  standard  compass,  find  the  correot 
magnetio  courses  from  the  cninre  drawn :— - 

X.    N.E.iE.  a.    8.E.iS.  3.    8oath.  4.    W.|8. 

jMHMr:^x.    N.  i6yE.       a..  8.39)*  E.       3.    8.  a8<»  W.       4.    N.57*W. 

IV.    Yon  have  taken  the  following  bearings  of  distant  objects  by  your  standard  compass 
as  above;  with  the  ship's  head  K.  by  E.  )  E.,  find  the  correct  magnetio  bearings. 

Standard  compass  bearings  :—8.W.  ^  W.  and  8.  |  E. 

uifiMMr.— Deviation :— 39*  W.    Correct  magnetic  bearings :— 8.  i  x|^  W.  and  8. 47)^  B. 

BZAMFUI  y. 

L    Krom  the  following  table  find  the  correct  magnetic  bearings  of  the  distant  object, 
and  thence  the  deviation.    (8.8.  Soyal  ChmrUr^  after  compensation). 


Ship's  Head 

SteJLxd 

Cknnpass. 

Beazinff  of 

DistantOljeot 

byStandazd 

Cknnpasa. 

Deriatlon 
Beqnized. 

Ship's  Head 

StanLrd 
Oompass. 

Beazingof 

DiatantObjeot 

byStandMd 

Gkmipasa. 

Delation 
Beqnized. 

North.... 
N.E.    .  • • • 

Eart 

8.E. 

8.  88»E. 

8onth. 

8.  88  E. 

8.  83E. 

SpgUi.... 
8.  W.    .... 
West   , .  • . 
N.  W.  .... 

8.  8a' E. 
8.86E. 
8.88B. 
8.84E. 

Amum ;— Oorrect  magnetic  bearing  8.  86''  E. 
.iiMi0ir.— Beviations:— X.    a«E.       a.    4'E.       3.    a«E.       4.    3»W.       5.    4«W. 
6.    o*'.       7.    a*E.        8.    a<*E. 

IL    Qiven  the  correct  magnetic  coarse,  to  find  the  oonrses  to  steer  by  standard  compass:— 

I.    W.iN.       a.    8.W.J8.       3.    E.by8.}8.       4.    N.N.KiE. 
4Mmm^i.    N.85»W.       a.    a^a^W.       3.    S.'jfl^       4.    N.aa|«>K. 
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HL    GiTen  oonnes  by  standard  oompaasy  to  find  ooneot  magnotio  :— 

I.    N.bjW.fW.       J.    W.byN.fN.       3.    8.JB.       4.    B.byN.iN. 
AMWr^x.    N.ao<»W.       a.    N.  7o*W.       3.    8.  7 J»  W.       4.    N.7S°B. 

IV.    You  have  taken  the  following  bearings  of  distant  objects  by  standard  oompass  with 
ship's  head  as  given  below,  find  oorreot  magnetio  bearing  :— 

8hip*s  head  8.S.E.  \  E.,  compass  bearings  8.  \  W.  and  K.E.  by  E.  \  E. 

Oorreot  magnetic  bearings :— 8.  i^  W.  and  K«  57i»  E. 

BZAIIPLB  YI. 

I.    From  the  following  table  find  the  ooireot  magnetio  bearing  of  the  distant  object^  and 
thence  the  deviation.    (8.8.  JSoyo/  OKmUr^  at  Melbonme). 


Shit^'aHead 

StaaLxd 
OompaM. 

Bearinffof 

Biitant  Objeot 

by  Standard 

Oompau. 

Dariatfon 
Bequired. 

Ship's  Head 

StaiJLid 
Oompaat. 

Bearing  of 

DistaatOUeot 

hyStandazd 

Oompaas. 

Deviation 
Bequired, 

Norih  .... 

N.E 

East 

S.E 

&    6a»W. 
W.a4  8. 
W.   7  8. 
N.  77  W. 

South  .... 
8. W.    • .  •  • 
West   .... 
N.W.  .... 

N.  81  W. 
W.  5  s, 
8.  67  W. 

jMtWT  .^.Oorreot  magnetio  bearing  8.  %i^  W.  =:  8.  84*  W. 
Deviations  :<^aa''E.;  i8»B-;  i*B.;  19°  W.;  ai»W.;  15*  W.;  i*W.;  17- E. 

n.  From  the  above  table  oonstract  a  Napub's  carve,  and  give  the  conrse  yon  woold 
steer  by  standard  compass  to  make  the  following  conrses  ooneot  magnetic  :— 

X.    K.}E.       a.    S.iW.       3.    E.i8.       4.    NJLiE. 
Annm^t.    N.  i6<'W.        a.    8.  a5*W.        3.    8. 86»E.       4.    N.a9}«E. 

m.  Yon  have  steered  the  following  oonnes  by  standard  oompass;  find  the  ooneot 
magnetio  conrses  from  the  curve  drawn  :— 

I.    NJLiN.        a,    8.B.18.       3.    W.iN.       4.    N.W.  J  N. 
jfunMr.— I.    N.  59*'  B.       a.    8.  59°  JBS.       3.    N.  87'»  W.       4.    N.  ai»  W. 

lY.  Yon  have  taken  the  following  bearings  of  distant  objects  by  yonr  standard  compass 
as  above;  with  the  ship's  head  by  standard  compass  K.  i  W.,  find  the  correct  magnetic 
bearing. 

Bearings  of  distant  object  by  standard  compass  8.8.B.  ^  E.  and  B.  }  N. 

.^iMi0w.— Deviatioii  a3''  E.    Oorreot  magnetic  bearings :— 8.  a^^^  B.  and  8.  73^  B. 
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ON    REVOLVING    STORMS. 


Of  late  years  attention  has  been  directed  to  those  violent  storms  which 
occur  at  certain  periods  of  the  year  in  low  latitudes,  and  are  called  Hurricanes 
in  the  West  Indies  and  Southern  Indian  Ocean,  Cyclones  in  the  Northern' 
Indian  Ocean  and  other  places,  and  Typhoons  in  the  China  Sea. 

The  examination  of  the  logs  of  ships  that  have  encountered  these  tempests, 
and  of  the  accounts  receiyed  from  places  exposed  to  them,  have  established 
two  facts— I,  that  cyclones  or  revolvlDg  storms  are  atmospheric  disturbances 
by  virtue  of  which  large  masses  of  air  are  indued  with  a  rapid  rotatory  motion 
round  an  axis  more  or  less  vertical,  and — 2,  at  the  same  time  carried  forward 
with  a  considerable  velocity  in  a  parabolic  orbit.  The  latest  inquiries  bearing 
on  this  head  acquaint  us  with  the  very  important  fact  that  there  are  two 
kinds  of  these  destructive  storms,  viz.,  cyclones,  or  revolving  storms,  and 
ipirali  or  incurving  storms.* 

The  direction  of  the  revolution  is  in  N.  latitude  from  right  to  2S&^ 
left,  or  against  the  hands  of  a  watch :  in  S.  latitude  the  rotatory  j^j^^^^^^^ 
motion  is  from  left  to  right,  or  with  the  hands  of  a  watch :  the  wa^h«I3l^^ 
observer  being  supposed  to  look  from  the  centre  of  the  revolving  luuid*. 
storm  towards  its  circumference :  in  other  words,  in  both  hemi- 
spheres the  air  in  either  kind  of  storm  revokei  or  tncurvei  against 
the  sun,  that  is,  eantrary  to  the  apparmt  eaune  of  the  iun. 

The  curve  which  the  wind  describes  is  in  reality  a  spiral 
around  the  focus.  If  these  are  drawn,  that  for  the  northern 
hemisphere  would  be  curved  in  the  same  direction  as  the  figure  6 
(see  Fig.  94) ;  for  the  southern  hemisphere  it  would  be  this  figure 
reversed,  or  like  the  figure  6  on  the  back  of  the  paper,  both 
beginning  at  the  top  (see  Fig.  95). 


•  Both  Il»i)PiBi.D,  Bbbd,  and  Piddimotoh  believed  that  the  air  did  inonrre  towards  the 
centre  of  a  hurricane,  (see  page  108,  par.  lao  of  "  Piddinotok's  Horn  Book,")  to  the  extent 
of  two  points  or  more;  this  incnrvdtnre  or  in-dratt  is  now  a  well  known  fact;  every 
modern  writer  on  the  subject— Mbldrcm  at  the  Mauritius^BLANDVORD  and  Wilson  in 
India— Wo«nLOF,  Mohn,  and  Hildbbrandson  on  the  continent.— and  Soott,  Buohan,  and 
JjMY  at  home  with  many  other  meteorologists  of  note  adopt  the  view  of  a  spirally  incurring 
movement  as  the  most  probable  behaviour  of  the  wiad  in  cyclones  and  hurrioanas. 


PBP 
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North  Latitude.  Soath  Latitude. 

Equator.  —— — 


LwivSe.^***™  ^®  departure  from  a  true  circular  moTement  of  the  wind  in  a 
northern  storm  progressing  towards  the  North-east  (according 
to  Bey.  Clement  Ley)  is  shown  in  Fig.  96,  the  incurvature  being 
but  slight  in  the  hinder  part  of  the  storm,  but  rather  considerable 

iCsLDBVM  Type,  in  the  advancing  semicircle.  Fig.  97  represents  the  reverse  of 
Msldkum's  incurving  storm  in  the  southern  hemisphere,  when 
taken  as  a  type  of  a  similar  storm  in  the  northern  hemisphere. 

Fig.  96.  Rg.  97. 


It  is  customary  to  enonoiate  the  general  law  of  the  rotatory  theory  as 
above  (page  385),  viz.,  by  saying  that  in  N.  latitude  the  revolution  of  the 
storm  is  firom  right  to  left,  or  against  the  hands  of  a  watoh,  and  in  8.  latitude 
with  the  hands  of  a  watch.  But  it  sometimes  happens  that  irom  not  fuUy 
comprehending  the  facts  of  the  case  the  observer  may  suppose  that  the  law 
does  not  hold  good  in  all  oases.  For  instance,  if  the  position  of  the  observer 
be  on  tbe  northern  side  of  the  path  of  the  storm,  he  is  first  taken  by  the 
N.W.  edge  of  the  cyclone  with  tiie  wind  at  N.E.  As  the  storm  passes  over 
him  the  wind  sucoessively  changes  through  E.N.E.,  E.,  to  KS.E.,  and  finally 
leaves  him  at  S.E.  The  wind  apparently  revolving  in  exactly  the  opposite 
direction  to  that  just  stated.  Hence  it  may  be  inferred  that  in  this  instance 
the  theory  fails.  But  the  mistake  arises  from  not  perceiving  that  when  it  is 
stated,  that  in  N.  latitude  the  storm  revolves  against  the  hands  of  a  watoh, 
and  in  S.  latitude  with  them,  the  observer  is  supposed  to  be  standing  as  it 
were  externally  to  the  storm,  viewing  its  general  features:  the  apparent 
changes  in  the  direction  of  the  wind,  noticed  by  a  spectator,  within  the  storm, 
as  it  sweeps  past  him,  being  only  coincident  with  the  motion  of  revolution  of 
the  whole  storm  on  the  South  side  of  the  path  of  the  focus  in  the  northern 
hemisphere,  and  on  the  North  side  of  the  path  of  the  focus  in  the  southem 
hemisphere. 
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Fig.  98. 
K.  Hraiisphere. 


Putting  the  progressiye  motion  out  of  the  question  for  a 
moment,  the  rotation  of  the  air  in  a  revolving  storm  or  cjdone 
enables  us  to  oharacterise  certain  portions  of  the  storm  bj  certain 
hurricane  winds;    and  upon  dividing  the  storm  by  diameters 

drawn  from  the  northern  to  the 
southern,  and  from  the  eastern 
to  the  wester^  margins,  we  find  that, 
in  the  northern  hemisphere,  on  the 
northern  margin,  the  wind  will  be 
easUrly:  on  the  eastern  margin, 
9<nUherly:  on  the  southern  margin, 
w$9Urly;  and  on  the  western  margin, 
northerly;  and  a  person  finding  him- 
self at  the  upper  extremity  of  the 
northern  diameter,  if  supposed  to 
pass  over  the  circumference  of  one 
of  the  rings  from  the  North  to  the 
Q>  South  through  East,  the  shift  of 
winds  he  will  experience  will  be 
East,  E.  by  S.,  E.S.E.,  S.E.  by  E., 
and  so  on  to  West.  If  he  moves 
from  North  tolSouth'throughjWest 
the  shifts  will  be  East,  E.  by  N., 
E.N.E.,  N.,  N.  by  W.,  N.N.W., 
and  so  on  to  West  In  the  fonner 
case  the  winds  will  change  in  the 
same  direction  as  the  hands  of  a 
watch,  and  in  the  latter  case  in  the 
opposite  direction.     (See  Figs.  98 

8.  Hemisphere.  ^^  99)- 

In  the  Southern  Hemisphere  the  relations  of  the  wind  to  the 
margins  will  be  exactly  the  revene  of  their  relations  in  the 
northern,  owing  to  the  reversion  of  the  rotation ;  thus  it  is  the 
southern  margin  of  the  storm  in  south  latitude,  that  exhibits  an 
eoiierliff  the  western  margin  a  southerly ,  the  northern  margin  a 
weeterly^  and  the  eastern  margin  a  northerly  wind,  and  a  person 
at  the  northern  extremity  of  the  North  and  South  diameter  will 
be  exposed  to  a  West  wind,  and  his  shift  of  winds  in  moving  from 
North  to  South  through  East  will  be  West,  W.  by  N.,  W.N.W., 
N.,  N.  by  E.,  N.N.E.,  to  East,  or  the  shift  of  winds  will  be  in  the 
opposite  direction  to  that  of  tiie  motion  of  the  hands  of  a  watch, 
and  will  be  in  the  same  direction  as  this  motion  as  he  moves  from 
North  to  South  through  West. 

At  that  part  of  the  revolving  storm  which  is  nearest  the 
equator,  the  wind  is  from  the  west  in  both  N.  and  S.  latitudes ; 
and  at  that  point  which  is  fiirthest  from  the  equator,  the  wind  is 
from  ilvs  Sa|t« 


Dediiotlons  from 
the  order  of 
notation. 


Eaoh  portion  of 
the  httirioMie 


prUte 


'^:ssr 


The  relationa  of 
the  irind  to  the 
nurgina  in  8. 
lAt.  ezMtly  the 
rererse  of  those 
inN.lat. 
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The  winds  on 
the  radii  similar 
to  the  winds  on 
the  margins 
terminating 
them. 


ICarginal  winds 
rerersedinS. 
lat.,  radial  winds 
the  same  as 
marginal  winds. 


Hie  bearing  of 
the  storms  centre 
eight  pointoi0»a 


If  the  area  coTored  by  the  storm  be  divided  into  four  quadrants 
by  diameters  drawn  from  the  northern  to  the  southern  margins, 
and  from  the  eastern  to  the  western  margins,  the  winds  on  each 
of  the  radii  will  be  similar  to  the  winds  characterising  the 
margins  terminating  them,  thus  in  the  radius  NO  (Fig.  98) 
northern  hemisphere,  the  wind  is  East;  on  EO,  South;  on  80, 
West;  and  on  WO,  North. 

As  the  marginal  winds  are  reversed  in  the  southern  hemisphere 
and  the  radial  winds  are  in  all  cases  the  same  as  the  marginal 
winds,  80  in  the  radius  N  0  (Fig.  99)  southern  hemisphere,  the 
wind  wiU  be  West;  on  EO,  North;  on  SO,  East;  and  on  WO, 
South. 

From  the  foregoing  there  results  a  very  simple  ruU  for 
determining  the  hearing  of  the  centre  of  the  storm  from  the  ship, 
viz.,  loot  to  the  wind^e  eye  and  $et  ite  tearing  hy  eompaee^  the 
EIGHTH  point  to  the  BIGHT  thereof  when  in  the  NOBTHEBN 
HEMISPHEBE,  but  the  LEFT  of  the  direction  of  the  wind  in  the 
SOUTHEBN  HEMISPHEBE  wiU  be  the  focus  or  centre  of  the 
storm. 

Thus,  in  N.  latitude  from  an  eaeterly  wind  which  characterises 
the  northern  margin  of  the  storm  its  centre  will  bear  South;  from 
a  northerly  wind  the  centre  will  bear  JBast;  from  a  taeeierly  wind 
it  will  bear  North;  and  from  a  eoutherly  wind  West  (see  Fig.  98). 

But  in  S.  latitude  from  an  easterly  wind,  the  centre  of  the  storm 
bears  North  ;  from  a  southerly  wind  the  centre  beaxB  JSast ;  from  a 
westerly  wind  South  ;  and  from  a  northerly  wind  TTest  (see  Fig.  99). 

Nothing  oan  be  more  nnambigaous  than  the  above  rule,  bat  to  prevent  the 
poeaibility  of  applying  the  eight  points  on  the  wrong  aide  two  tables  are 
addecK  one  for  N.  latitude  and  the  other  for  S.  latitude,  in  whioh  the  1 
will  see  the  question  solved  without  the  trouble  of  any  reflection. 


IN  THE  KOBTHBEN  HEMISPHEBE. 

IN  THE  SOITTHEBN  HEMISPHEBB. 

If  the  wind  be 

Theoentreofthe 
storm  WiU  bear 
from  the  ship 

If  the  wind  be 

Theoentreofthe 
storm  will  bear 
from  the  ship 

North 

East 

F..A.E. 

S.E. 

S.8.E. 

South 

8.S.W. 

8.W. 

W.8.W. 

West 

W.N.W. 

N.W. 

N.N.W. 

North 

N.N.E. 

N.E. 

E.N.B. 

North 

West 

W.N.W. 

N.W, 

N.N.W. 

North 

N.N.B. 

N.E. 

E.N.K 

East 

E.8.E. 

R.K 

8.S.E. 

South 

8.8.W. 

S.W. 

W.S.W. 

N.N.E 

N.B 

E.N.E 

East 

N.N.E. 

N.E 

E.N.E 

East 

E.8.B 

8.E 

ES.K 

8.8.E 

South  • . , ,  • 

8.8.E 

South  • . .  • • 

8.S.W 

8.W 

W.8.W 

West   

8.8.W 

S.W 

W.8.W 

West   

W.N.W 

N.W.  ,,,.  ..•••• 
N.N.W 

W.N.W 

N.W.  

N.N.W 
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To  thoee  vho  prefer  it,  the  rule  just  enunciated  may  be  put  in 
another  form,  viz. :  the  foeus  or  centre  of  a  revolving  storm  bears 
EIGHT  points  from  the  direction  of  the  wind  at  the  ship^  reckoned 
with  the  apparent  course  of  the  sun ;  and  this  obtains  in  both 
hemispheres,  for  the  rotation  being  reversed  with  the  course  of 
the  sun,  the  bearing  of  the  centre  remains  the  same. 

Thus,  in  (Fig.  98)  N.  latitude,  a  ship  on  the  radius  0 — ^N.E. 
has  the  centre  bearing  S.W.,  the  wind  being  8.E.,  while  in  8. 
latitude  (Fig.  99)  a  ship  on  the  same  radius  will  still  have  the 
centre  bearing  S.W.,  but  the  wind  will  blow  from  N.W. ;  which 
is  also  in  accordance  with  the  deduction  that  the  centre  bears 
eight  points  from  the  wind,  reckoned  with  the  sun. 

Thus  from  the  direction  of  the  wind  onfyf  in  a  reyolving  stomii 
two  very  important  points  may  be  determined,  the  exact  position 
of  the  ship  in  a  storm  or  hurricane,  and  the  bearing  of  the  centre 
of  the  storm  from  the  ship. 

These  storms  occur  in  all  the  great  oceans,  with  the  exception  Btozm  Anas. 
of  the  South  Atlantic.  In  the  North  Atlantic  the  stormy  area 
may  be  said  to  be  comprised  within  the  parallels  of  10°  and  ^0° 
of  North  latitude,  and  30®  and  105°  of  West  longitude.  Of  this 
immense  area  the  meridians  of  50°  and  90°  include  the  greatest 
number  of  storm  paths ;  the  points  of  recurvature  occurring  about 
80**  W.  and  30^  N.  The  hurricane  region  South  of  the  equator 
extends  more  or  less  over  the  entire  area  of  the  S.E.  trades  in  the 
Indian  Ocean,  from  the  coast  of  Australia  as  far  as  Madagascar, 
between  the  lats.  &"  8.  and  40''  8.  In  the  Persian  Oulf  and  Bay 
of  Bengal  they  are  to  be  found  extending  northward  from 
latitude  10®  N. ;  in  the  Ohin'a  Sea,  between  the  latitude  of  12^  or 
15°  N.  as  far  as  50°  N.,  but  generally  not  beyond  long.  140^  E., 
and  the  North  and  South  Pacific  Oceans  are  not  exempt  from 
their  ravages. 

Though  these  storms  in  traversing  the  ocean  do  not  always  adopt  ^ths. 
exactly  the  same  path,  nor  ever  travel  with  any  uniform  velocity, 
yet  there  is  so  much  apparent  similarity  in  their  movements  as 
to  show  that  they  are  ruled  by  one  general  law.  To  endeavour 
to  trace  this  law,  the  log  books  of  a  great  number  of  vessels,  in 
all  parts  of  the  sea,  have  been  examined,  as  well  as  the  meteoro- 
logical registers  of  numerous  places  on  shore ;  and  from  them  the 
movements  of  these  storms  have  been  reduced  into  comparative 
tables,  their  separate  tracks  graphically  represented  on  charts, 
and  their  several  characteristics  analysed  with  great  labour. 
The  general  results  may  be  thus  briefly  stated  :— 

Commencing  to  the  East,  at  a  point  a  few  degrees  North  of  the 
equator  (about  1 0°  to  1 2^  N.),*  the  progressive  motion  of  the  storm 

*  The  origin  of  those  hurrioanes,  whioh  prevail  on  the  Allan tio  Ooast,  appears  to  be 
at  the  Muthern  limit  of  the  norkhorn  trade  wind,  or  ia  the  latitade  of  10^  or  la*  N. 
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in  N.  latitude  is  first  bodily  to  the  West,  very  soon  slightly  North 
of  West,  as  it  approaches  20°  N.  its  course  is  more  or  less  towards 
N.W.,  at  30^  N.  it  recurves*  so  as  to  change  its  direction — as 
afterwards  to  progress  to  the  N.E. — increasing  in  diameter,  while 
the  wind,  still  of  fearful  violence,  has  somewhat  diminished  in 
force  as  compared  with  its  rotatory  velocity  while  within  the 
tropics,  and  so  it  moves  onward  tmtil  it  breaks  up  (see  Fig.  100]. 

Fig.  100. 

NORTHERN    HEMISPHERE 


Fig.  lOI. 
SOUTHERN  HEMISPHEME 


Jfftj/uatofr 


*  Revolving  stomiB  are  liable  to  r^mrv  in  all  latitudes  from  10®  to  40®  N.,  bat  mostly 
about  30^  N. 
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Id,  S.  latitude  the  path  of  the  entire  body  of  the  storm  com- 
mences  about  lo*'  8.  of  the  equator,  is  first  West,  very  soon  a  little 
inclined  to  the  South  of  West,  and  gradually  towards  B.W. ;  at 
about  is""  S.  it  recurves*  or  turns  to  the  S.E.,  expanding  in 
dimensions  and  probably  diminishes  in  force  as  it  traverses  the 
extra-tropical  regions  until  it  finally  disappears  (see  Fig.  101). 

There  is  no  part  of  the  subject,  however,  on  which  the  informa- 
tion we  have  is  so  limited  and  uncertain  as  the  habitual  tracks  of 
these  tempests.  They  seem  to  vary  much  according  to  the  month 
in  which  they  occur,  and  in  various  parts  of  the  world,  being 
greatly  influenced  by  local  circumstances,  and  the  law  we  have 
enunciated  above  is  far  from  being  generally  applicable. 

The  West  Indian  hurricanes  commence  for  the  most  part  at 
about  55®  W. :  some  proceeding  to  the  N.N. -westward,  preserve 
their  direction  till  they  disappear,  passing  over  the  Oulf  of 
Mexico ;  while  others  move  in  a  more  northerly  direction,  invol- 
ving the  American  Ooast,  Bermuda,  and  Azores. 

In  the  Bay  of  Bengal,  the  progressive  motion  is  from  between 
B.  and  B.  In  the  Indian  Ocean  they  appear  to  fbx^n  in  about 
10^  8.,  longitude  io$®  E.,  to  the  westward  of  Java,  whence  they 
proceed  W.S.W.,  and  to  28^  or  30**  8.,  on  to  the  coast  of  Africa ; 
frequently,  however,  in  about  70°  or  80**  longitude,  but  particu- 
larly when  approaching  the  Mauritius,  taking  a  more  southerly 
course,  after  which  they  sometimes  move  E.8.E.f  In  the  Ohina 
Bea,  the  Typhoons  from  between  N.E.  and  8.8.E.,  and  pursue 
very  devious  courses.  None  have  been  met  with  between  9^  8. 
and  3^  N.  In  the  North  Pacific,  from  Japan  to  Ladrones  or 
Marianes,  they  move  between  N.E.  and  8.E. 

Oydones  whose  paths  are  apparently  on  the  whole  directed 
from  the  pole  to  the  equator  are  not  unknown.  It  is  evident 
then,  that  we  are  justified  only  in  speaking  of  the  tendency  of 
cyclones  to  move  in  certain  definite  directions ;  even  in  the  North 
Atlantic  where  this  tendency  is  the  most  fully  developed,  many 
apparent  exceptions  occur.  Bome  of  the  most  violent  of  these 
storms  have  been  known  only  in  one  of  the  usual  branches,  and 
that  approximating  to  a  straight  line.  No  rule,  therefore,  with 
regard  to  the  track  can  be  laid  down  which  can  relieve  the  sea- 
man from  the  exercise  of  his  own  judgment  and  due  caution. 

*  Bacnrraton  may  take  place  in  all  latitudes  from  toP  S.  to  30^  S.,  bnt  mostly  in  about 
ao*  S.  A  line  of  recaryation  upon  which  these  storms  mostly  change  their  course,  extends 
from  about  %f  E.  and  12*  8.,  to  55*"  B.  and  27^*  8.  As  this  line  coincides  with  the  tracks 
of  yesselj  from  India  and  China  to  Europe,  a  look-out  should  be  kept. 

t  The  hurricane  reg^on^  south  of  Equator,  exteods  more  or  less  over  the  entire  area  of 
the  8.B.  trades  in  the  Indian  Ocean.  It  is  befnnninsr  to  be  ascertained  that  a  well  marked 
region  of  cyclones  extends  from  the  Cape  of  Good  Hope  to  Australia,  about  the  parallel  of 
40^  B.,  alio  the  east  of  Aiistoalia  is  a  disUnot  ^yoiCBO  tegiOB. 
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One  of  the  most  important  duties  which  devolve  upon  him  on 
being  overtaken  by  a  cyclone  is  to  make  such  observations  as 
shall  enable  him  to  determine,  at  least  approzuQately,  the  actual 
track  of  the  storm  which  he  is  called  to  encounter. 

g^'*<)«^eiimd^  j^  regards  the  seasons  in  which  cyclones  are  chiefly  to  be  met 
with,  it  would  appear  by  an  analysis  of  the  numbers  of  these 

West  Indies  and  recorded  during  the  several  months  of  the  year,  that  they  are  to 

▲menoan  Ooart.  ^^  apprehended  most  frequently  between  the  summer  solstice 
and  tiie  end  of  the  month  following  the  succeeding  equinox,  or, 
in  other  words,  from  the  end  of  June  to  October  in  N.  latitude, 

CoMto  of  Mesioo  and  in  8.  latitude  from  January  to  April.    In  the  North  Atlantic 

and  Lower  Call-    ,-,  i       i      »  ^^t       t    ..  ««-^ 

fomiainN.       the  humcanc  season  extends  from  the  latter  end  of  June  to 

JtSyto  oeMn-  December,  the  greatest  number  occurring  in  August,  and  next 

JrlfowS^^^  September.*    In  tropical  regions  it  may  be  said  in  broad  terms 

that  the  hurricane  season  begins  near  the  summer  solstice  in  both 

N.  and  S.  latitudes ;  but  the  West  Indian  hurricanes  do  not,  as 

a  rule,  occur  until  after  the  sun  has  attained  his  greatest  northern 

^Muifb^Sraen  declination ;  while  in  the  Southern  Indian  Ocean,  on  the  other 

imd  LoS^Su*  lw"*d>  ^®y  ^^7  **^®  place  a  month  or  more  he/are  the  sun  has 

|«ta«>-2)eMm-  reached  his  greatest  southern  declination.    In  flie  Indian  Ocean 

and  about  Mauritius  the  chief  period  of  their  occurrence  is  frt>m 

November  to  May  (both  inclusive) ;  they  are  most  frequent  in 

January  and  March,  very  few  being  met  with  in  November  and 

uldltaj  S^^-  May.    In  the  Bay  of  Bengal  and  the  Arabian  Sea  cyclones  occur 

S^j^dolMer  ^  ^P^  cmd  May,  and  again  in  October,  November,  and  Decem- 

urKotmber.      ber,  being  most  frequent  at  the  period  of  the  change  of  the 

Bou^^^ian     mousoous — morc  frequent  at  the  change  of  the  S.W.  monsoons 

Ur  to  Apru.  '  (in  Ootobcr  and  November)  than  at  its  commencement  (in  May 

ohina  sea^vn/y  and  June).    In  the  Ohina  Sea  the  typhoon  cyclones  occur  nearly 

to  November,     ^^  ^^  BBxaQ  scasou  as  the  Wcst  Indian  hurricanes,  from  June  to 

September,  the  worst  month  being  September,  the  fewest  in 

Ooaat  of  Japan—  June.    Typhoons  have  been  experienced  off  the  Coast  of  Japan 

bM^^  cSSSHr.  in  July,  August,  September,  and  October ;  in  the  South  Pacific, 

December  and  February. 

Bauof  The  rate  of  progression  is  a  most  important  element  of  the 


Progrtarion. 


phenomenon,  but  it  is  at  the  same  time  that  on  which  least  de- 
pendence is  to  be  placed.  The  rates  vary  not  only  in  different 
seas,  but  in  the  same  localities,  and  at  the  same  seasons.    Nor 


*  From  a  ohronologioal  table  of  the  principal  hurrioanei  that  have  occnrred  in  the  West 
Indies  daring  150  years,  published  in  Johtuton'i  Fhytieal  Allot,  it  appears  that  the  greatest 
number  occurred  in  August,  so  that  this  month  may  be  regarded  as  furnishing  the  most 
regular  but  the  greatest  number  of  cyclones.  M.  Axdbb  Pobt,  of  Hayana,  has  given 
a  chronological  table  of  every  hurricane  in  the  North  Atlantic  of  which  any  record  can 
be  traced  from  1493  to  1855 — a  period  extending  over  363  years — and  they  amount  to  355. 
And  this  record  assigns  287  to  the  months  of  July,  August,  September,  and  October,  as 
against  68  for  the  remaining  months  of  the  year,  so  that  the  four  months  just  mentioned 
may  be  laid  to  oonstitate  the  l^wpcieaae  mmoa  of  the  North  Atlanfeio^ 
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does  the  extent  of  the  oydone  afford  any  indication  of  its  rate  of 
travelling,  both  large  and  small  hurricanes  having  been  known 
to  move  with  great  rapidity,  or  at  moderate  or  slow  rates, 
apparently  without  any  fixed  law.  The  same  storms,  too,  after 
remaining  almost  stationary  for  hours,  or  even  a  day  or  more, 
moving  at  a  rate  of  under  two  miles  an  hour,  will  suddenly  start 
with  a  continually  increasing  velocity,  while  at  the  same  time 
they  expand  in  area.  In  general,  however,  the  progressive 
motion  is  greatest  after  its  recurvature.  According  to  Bxdfikld 
the  hurricane  of  August,  1855,  traversed  7276  English  miles  in 
about  1 2  days,  with  a  mean  progressive  velocity  of  26  miles  per 
hour;  but  after  it  had  arrived  at  the  banks  of  Newfoundland, 
this  velocity  was  increased  to  about  50  miles  per  hour.  They 
generally  are  much  diminished  in  velocity  when  passing  over 
land,  especially  when  it  is  much  elevated.  It  seems,  too,  that 
they  sometimes  decrease  in  area  and  velocity,  but  increase  fear- 
fully in  violence,  even  when  passing  over  the  open  ocean.  The 
West  Indian  and  North  American  hurricanes  are  stated  by  Mr. 
BxDFiBU)  to  travel  at  from  9  to  43  miles  an  hour,  hence  16  or  20 
miles  may  be  assumed  as  the  probable  least  rate  at  which  storms 
may  be  moving  in  this  part  of  the  world;*  those  in  the  Bay  of 
Bengal  firom  2  to  39  miles  an  hour,  or  most  usually  at  the  rate  of 
3  to  1$  miles;  in  the  China  Sea  from  7  to  24  miles.  In  the 
Lidian  Ocean  the  storm  moves  more  rapidly  at  first  and  then 
steadily  at  about  300  miles  a  day,  decreasing  in  about  20^  S.  and 
ceasing  with  the  limits  of  the  trades. 

It  has  been  already  observed  that  the  great  characteristic  of 
these  storms  is  that  the  particles  of  air  in  them  revolve  round  the 
centre  with  a  great  rapidity,  increasing  from  the  outer  drcum- 
ference  until  a  central  space  has  been  reached,  at  which  it  is 
greatest.  The  velocity  of  rotation  at  this  point  sometimes  reaches  Z^J^®' 
the  value  of  125  to  150  miles  an  hour. 

BBVOLvnro  Srolocs  vary  as  much  in  their  magnitude  as  in  the  £{<g^|^  ^ 
rates  at  which  they  travel.  The  diameter  of  the  area,  subject  to  stoimi. 
ihe  farce  of  the  storm,  at  one  time  is  also  very  variable ;  but  it  is 
undoubtedly  small  at  its  origin,  increasing  in  dimensions  in  its 
onward  progression.  They  are  also  supposed  to  dilate  and  con- 
tract in  their  progress.  Thus  the  West  Indian  hurricanes  while 
approaching  to  or  within  the  Islands  do  not  exceed  100  to  150 
xniles  in  diameter,  while  after  reaching  the  Atlantic  Ocean  they 

*  F^f.  LooNTBi^  in  his  Cbniributioiu  to  Mittorohgy^  gives  the  rate  of  stonn  oentrei  in 
Europe  as  16*7  miles  an  hour,  the  averaffe  rate  over  the  United  States  heinff  about  two- 
thirds  greater.  For  the  Atlantic  Ooean  he  obtains  18  miles  as  the  aTerage  reiooity  fSor  the 
entire  year.  From  similar  enquiries  oarried  out  in  the  same  direction,  a  writ^  in  the 
JfmUual  MagatiM,  September,  1 885,  considers  that  ao  to  25  miles  an  hour  is  a  safer  estimato 
of  the  rate,  at  least,  in  the  track  of  vetteU  bound  to  Sorope  from  AmeriM, 
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expand  so  as  often  to  attain  to  600  or  1000  or  even  i$oo*  miles 
in  diameter,  the  wind  blowing  a  severe  gale  over  the  whole  area, 
of  true  hurricane  violence  towards  the  centre.  In  the  Bay  of 
Bengal  the  usual  size  is  from  300  to  3  50  miles,  and  in  the  Arabian 
Sea  they  do  not  exceed  250  to  350.  The  Southern  Indian  Ocean 
cyclones  average  from  400  to  600  miles  in  diameter,  and  the 
typhoons  in  the  Ohina  Sea  from  50  to  100  miles. 


Diameter  of 
Storm  greatly 
increaeed  after 
recurring. 


While  the  diameter  of  the  storm,  so  long  as  it  is  within  the 
Tropics,  expands  very  gradually,  it  increases  in  a  remarkable 
manner  after  recurving.  It  cannot  be  said  with  certainty  if  when 
they  become  Icurger  they  become  more  or  less  violent,  but  when 
they  contract  it  is  believed  they  sometimes  augment  fearfully 
their  violence. 


Diameter  of 
Central  Space. 


The  central  calm  space  itself  has  been  found  to  vary  in 
diameter  in  different  regions  and  storms  from  15  or  20  up  to  80 
miles ;  it  is  said  to  be  largest  at  first,  and  to  decrease  afterwards. 
The  calm  has  continued  at  various  intervals  frx)m  a  few  minutes 
to  eight  hours ;  and  short  calms  alternating  with  violent  gusts 
have  been  experienced. 


The  tntck  or  line  alopg  which  the  centre  of  the  revolving  a^im 

progressively  iQOves  is.  variously  termed  the  storm's  track,  the 

The  Axil  une.    storm  path,  and  the  axis  line.    By  French  writers  it  is  called  the 

trajectory — as  indicative  of  a  parabolic  track  in  space  (see  Figs. 

100  and  loi).  . 


•emicdroles. 


Axle  line  divides  The  axis  line  or  track  of  the  revolving  storm  divides  the  storm- 
uImmI^I^^^  field  into  two  parts,  and  looking  in  the  dirsetian  «»  wktch  the 
storm  is  moving,  the  part  to  the  right  is  the  righUJumd  or  star- 
hoard  aemidreU  in  the  same  sense  as  the  right-hand  side  of  a  ship 
is  called  the  starboard  side,  and  that  to  the  left  the  Ufi-Kand  or 
fK»r^  semicirde. 


Anterior  and         Another  line,  transverse  to  the  axis  line  and  passing  through 
Tostonoraemi-   ^^  ^jjjjj^  centre,  divides  the  storm-field  into  four  quadrants,  each 

of  which  has  its  characteristic  predominant  wind  as  seen  in 

Eigs.  102  and  103. 

*  The  extreme  breadth  assigned,  1500  miles  in  some  oases,  requires  strong  proof. 
Buohan's  Chart  shows  that  the  proximity  of  two  distinct  storms  might  have  led  to  their 
reference  to  one  had  iiot  the  interyening  points  been  observed ;  and  apart  fbom  this  the 
observations  on  which  such  wide  limits  are  asserted  would  require  to  have  been  made 
^imnltaaeoiisly. 
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Fig.  102. 


Equator. 


Fig.  103. 


Those  divisions  of  a  cyclone  into  {he  axis  line,  the  right  and  DeduoUonfl  from 
left-hand  and  front  and  hinder  semicircles,   especially  when  mSSST*^^* 
combined  with  the  rotatory  or  incurving  motion,  furnish  some 
very  important  deductions,  especially  with  regard  to  the  hauling 
of  the  wind. 

If  a  ship  is  directly  in  the  path  of  the  storm  the  wind  remains  phenomena  dor- 
unchanged  in  direction,  but  increasing  in  force  until  the  centre  of^e oSaSS 
approaches,  where  a  lull  or  calm  prevails ;  when  the  centre  has 
passed  over  her  the  wind  suddenly  blows  with  great  fury  from 
tiie  oppoiiU  quarter  (provided  it  is  a  circular  and  not  an  incurving 
or  spiral  storm),  and  while  it  continues  its  force  decreases  from 
the  oalm  to  the  margin  (see  Fig.  104). 

In  the  right-hand  semicircle  the  hauling  of  the  wind  of  a  in  n.  latitude 
cyclone,  in  the  northern  hemisphere,  is  in  the  same  direction  as  the  SJlSTS'rijSt- 
apparent  course  of  the  sun,  veering  N.,  N.E.,  E.,  S.B.,  or  with  JShaX^^IS* 
the  hands  of  a  watch,  whether  in  a  rotatory,  incurving,  or  spiral  ^  ^j^^ inleft^ 
storm. 

In  the  left-hand  semicircle  of  a  rotatory  storm,  in  the  northern 
hemiepherOy  the  wind  hauls  againet  the  sun,  veering  N.,  N.W., 
W.,  B.W.,  or  Hgoinsl  wafoh  hani^. 
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Irt^ih^^  ^  ^®  Southern  Hem%^Ker$  it  is  the  UfUhand  semidiole  in 
^JJ^^^^^^  which  the  hauling  of  the  wind  is  in  the  same  direction  as  the 
YnAagakut^bm  apparent  courM  of  the  smii  veering  8.,  8.E.,  E.,  N.E. 

SDH  in  fight" 

hand  ■emidxQto.  g^^  '^  j^  ^^  fight-hand  Semicircle  when  in  8.  latitude,  in  which 
the  wind  hauls  against  the  sun,  veering  8.,  8.W.y  W.,  N.W.,  or 
with  watch  hands :  hence 

Wind  T^  to       To  know  whether  the  ship  is  in  the  right  or  left- 

hand  semi^a.  hand  semicircle  of  the  storm  or  of  the  advancing  centre,  note 
in  lef^S!^       the  veering  of  the  wind,  and  if  it  veers  to  the  right,  the  ship  is 
~*^'*«*«-        in  the  right-hand  semicircle,  but  if  it  veers  to  the  left, 
the  ship  is  in  the  left-hand  semicircle. 

In  using  the  above  rule  it  is  essential  that  the  ship's  position 
be  as  nearly  as  possible  stationary ;  for  if  a  ship  continues  her 
course  the  wind  may  shift  in  a  direction  exactly  opposite  to  that 
which  would  have  been  observed  had  the  vessel  been  stationary, 
and  an  erroneous  conclusion  as  to  her  position  in  the  storm  will 
be  drawn.  The  advisability  of  heaving-to  on  the  first  approach 
of  a  hurricane  cannot  therefore  be  too  strongly  recommended. 

The  following  figure  may  be  of  use  to  assist  the  reader  to  gain 
a  precise  idea  of  the  nature  of  these  storms.  It  is  supposed  to 
represent  a  revolving  storm  in  N.  latitude,  the  revolution  being 

Fig.  104. 


f 


in  the  direction  of  the  curved  arrows,  while  it  travels  forward  in 
the  direction  of  the  large  straight  arrow,  or  from  E.8.E.  to 
W.N.  W. ;  and  if  we  suppose  it  to  pass  over  three  different  ships, 
situated  at  different  distances  from  the  central  track,  the  effects 
on  them  will  be  the  same  as  if  the  storm  had  no  progreenve 
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motion,  and  they  trayelled  through  it  from  W.N.W.  to  E.S.E., 
along  the  three  dotted  lines,  parallel  to  the  large  arrow,  but  in 
the  opposite  direction  thereto.  By  following  either  of  these,  lines 
it  will  be  perceived  that  the  wind  will  blow  in  succession  from 
the  varions  points  marked  on  eaoh  dotted  line.  For  instance, 
the  storm,  as  experienced  by  the  northernmost  ship,  will  begin 
with  the  wind  at  E.  by  N.,  and  veer  round  through  six  points, 
to  S.E.  by  8.  at  the  end  of  the  storm.  The  southernmost  ship 
being  nearer  the  central  track  of  the  storm  will  have  the  wind 
veering  through  ten  points,  beginning  at  N.  by  W.  and  ending 
at  8.W.  by  W. ;  while  the  middle  ship,  being  still  nearer  the 
storm's  centre,  will  experience  the  wind  first  at  N.E.,  veering 
through  twelve  points,  until  it  finishes  at  8.  If  we  observe  the 
distances  between  the  several  arrow-heads  on  either  of  these  lines, 
especially  the  last,  it  will  be  seen  that  they  are  more  numerous 
towards  the  middle  of  the  line,  showing  that  the  veering  of  the 
wind  is  most  gradual  on  the  margin  of  the  storm,  and  most  rapid 
the  nearer  the  centre.  But  the  feuiher  a  vessel  is  from  the  axis 
line,  the  less  perceptible  will  this  difference  be ;  for  example,  on 
the  northmost  line  in  the  figure,  the  arrow-heads  are  more  nearly 
equidistant,  showing  that  the  change  of  wind  experienced  is  more 
equable,  or  nearly  as  gradual  at  the  middle  of  the  duration  of  the 
storm  as  at  its  beginning  or  end.  It  will  also  be  observed,  that 
the  nearer  the  ship  approaches  the  storm's  centre  the  greater 
wiU  be  the  number  of  points  through  which  the  wind  veers ;  but 
this  number  can  never  exceed  fifteen  points,  for  when  a  ship  is 
on  the  axis  line  there  is  no  change  of  wind,  but  a  constantly 
increasing  gale,  until  the  centre  has  passed,  when  after  a  short 
lull  or  calm,  the  wind  springs  up  with  great  fuzy  from  the 
opposite  quarter. 

The  revolving  motion  of  a  cyclone  increases  the  effect  of  the  xh«  sotntory 
progressive  motion  in  that  semioirole  which' is  on  the  right-hand  Sh^SctofroS 
of  the  axis  line,  the  two  motions  being  approximately  in  the  same  g*^??  £^p^ 
direction ;  but  it  diminishes  it  in  that  semioirde  which  is  on  the  BeinioirQia.  but 
h/t  of  the  same  line,  the  two  motions  in  this  case  being  approxi-  lefWhuidsMni- 
mately  opposed  to  each  other.  ^'^'^ 

NoTB.— For  example^  if  the  Telodty  of  revolntioii  be  8o  miles  an  hour,  and 
that  of  progrenion  be  ao  milee  an  hoar,  the  velocity  of  its  quickest  moTing 
part  will  be  equal  to  their  sum,  or  loo  miles  an  hour,  while  the  opposite 
sido  will  only  move  at  the  rate  of  their  difference,  or  6o  miles  an  hour,  so 
that  the  Tiolenoe  of  the  gale  will  be  greater  on  the  one  side  than  the  other, 
in  the  ratio  of  5  to  3. 

On  this  account  the  right-hand  semicircle,  in  which  the  wind 
increases  in  violence,  has  been  called  the  dangenmB  side ;  while 
the  hft'hmi  semieMe,  m  whiok  the  winds  are  of  cUminisked 
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tiol«noe,  has  been  called  the  iracMh  or  nav^tibh  sfiAe.*  A 
glance  at  the  kmg  carved  arrows  (Fig.  io5),  one  nortk  and  tlie 
other  south  of  the  equator,  which  represents  for  each  hemisphere 
the  storm's  track,  shows  that  the  danpeftus  side  always  Kes 
between  the  two  sides,  or  emiuford  of  the  parabolic  traok^  wkile 
the  nam^ahle  side  lies  outnde^  or  to  the  westward ;  or  in  relation 
to  right  and  Ufi  of  the  track  the  positions  are:— 

In  N.  latitude  the  dmtg^atu  semicircle  is  to  the  Hghif  and  the 
nm^abU  to  the  U/t  of  the  track. 

In  8.  latitude  the  position  of  the  two  sides  are  reversed,  the 
daingmmB  side  lying  to  the  i;^  and  the  navigable  side  to  the 
right  of  the  track. 

Each  storm  path  in  the  northern  hemisphere  is  directed, 
generally  speaking,  towards  one  of  the  following  points — ^the 
N.W.,  N.,  or  N.E.,  while  in  the  South  hemisphere,  the  points  to 


*  Frenoh  writers,  speakiog  of  the  two  aides  of  the  storm-field,  have  applied  the  term 
"dangerous"  (dangwreus)  to  the  semicircle  in  which  the  rotatory  and  progressive  motions 
of  winds  are  approximately  in  the  same  dii^ection ;  and  the  term  "  traotable,"  perhaps  better 
''navigable,"  to  the  semicircle  in  which  the 
eachoiher. 


two  moiions  are  approximately  opposed  to 
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which  the  hmrioane  may  advance  are  S.W.,  8.,  or  S.E.     A 
ojclone  advancing  towards  any  one  of  these  points  exhibits 
certain  changes  of  the  wind  in  the  right  and  left-hand  semicircles. 
The  miukfir  $atk  ssmmrch  are  as  follows  :— 

IN  THB  NOBTHBEN  HBMISPHIBB. 

Storm  moTing  towards  N.W.— 

In  tkngenmi  semicircle,  winds  from  N.E.  to  B.W.  sound  by 
£.  and  8. 

In  navigable  semicircle,  winds  from  N.E.  to  S.W.  round  by 
M.  and  W. 

Storm  recnrrliig  to  northward— 

In  dmtgerous  semicircle,  winds  from  B.  to  W.  round  by  8. 

In  the  navigable  semicircle,  winds  from  E.  to  W.  round  by  N. 

Storm  moving  towards  N.E.— 

In  dangerous  semicircle,  winds  from  S.E.  to  N.W.  round  by 
8.  and  W. 

In  navigable  semicircle,  winds  from  S.E.  to  N.W.  round  by 
£.  and  N. 

Hr  THB  S0T7THBBK  HBMISPHBBB. 

Storm  moTing  towards  S.W.— 

In  dangenme  semicircle,  winds  from  S.E.  tb  N.W.  round  by 
KandN. 

In  navigable  semicircle,  winds  from  S.E.  to  N.W.  round  by 
8.  and  W. 

Storm  recnrrliig  to  southward — 

In  dangenme  semioirde,  winds  from  E.  to  W.  sound  by  N. 

In  navigable  semicircle,  winds  from  E,  to  W.  round  by  8. 

Storm  moving  towards  S.E.— 

In  dangeraue  semicirde,  winds  from  N.E.  to  S.W.  round  by 
N.  and  W. 

In  navigable  semicircle,  winds  from  N.E.  to  S.W.  round  by 
E.  and  S. 

The  following  arrangement  of  winds  may  be  found  useful  in 
determining  the  progression  of  a  Bevolving  Storm. 

NOETH  LATITUDB. 
Wind  E.,  veering  to  the  righif  stonn  moving  N.W. 
n     E.  „  le/t,  »  N.B. 

,1     8.  „  righty  „  N.E. 

„     N.  „  left,  „  N.W. 

SOUTH  LATITUDE. 
Wind  E.,  veering  to  the  leftf  storm  moving  S.W, 
„     E.  „  rights         „  S.E. 

„     8.  „  right,         „  e.W. 
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It  iBy  moreover,  easy  to  see  iliat  in  the  northern  hemispherey 
when  ranning  before  the  wind,  in  the  right-hand  semioirdie  the 
ship  approaches  rapidly  to  the  centre,  and  even  when  lying  on 
the  starboard  tack,  which  is  the  only  possible  manoeavre,  she 
still  drifts  in  that  direction. 

In  the  left-hand  semicircle,  on  the  contrary,  even  if  the  violence 
of  the  sea  renders  it  imperative  to  place  the  ship  on  the  port 
tack,  she  will  move  away  firom  the  centre,  and  by  running 
before  the  wind  she  may  rapidly  get  away  from  it. 

If  instead  of  dividing  the  storm  as  above  by  a  line  parallel  to 
its  progress  into  the  advancing  or  quicker  side,  and  the  receding 
or  slower  side  (the  semicircle  on  either  side  of  the  axis  line 
being  characterised  by  difiPerent  haulings  of  the  wind)  a  line  be 
drawn  at  right-angles  to  the  central  track  and  intersecting  it  at 
the  centre,  thus  dividing  it  into  the  preceding  and  succeeding 
halves — each  half  being  characterised  by  increasing  and  decreas- 
ing forces  of  wind— it  will  be  seen  that  a  vessel  in  the  front  half  of 

Fig.  107.  Fig.  xoS. 

N.  Latitude.  8.  Latitude. 


the  9torm  runs  far  greater  danger  of  being  exposed  to  all  its  fury 
and  for  a  longer  time,  than  one  which  enters  its  hinder  half.  It 
a  ship  be  put  before  the  wind  in  the  advmmn^  quadrant  of  the 
UfUhand  semicircle  in  the  northern  hemisphere,  as  in  Fig.  107, 
she  will  r$e$d$firim  the  axu  Aim,  and  consequently  be  removed  from 
the  danger  of  the  centre  bearing  down  upon  her,  but  if  she  be 
put  before  the  wind  in  the  advancing  quadrant  of  the  right-hand 
semicircle,  she  must  inevitably  approach  nearer  and  nearer  the 
axis  line,  and  may,  under  su<^  circumstances,  meet  the  centre, 
this  quadrant  has  consequently  received  the  name  of  the  mat 
doHgeraui  putdranU  of  the  cyclone.  In  either  of  the  remaining 
quadrants  a  ship  may  very  readily  extricate  herself  from  the 
influence  of  the  hurricane,  provided  she  has  plenty  of  sea-room. 

In  the  southern  hemisphere  a  reversal  of  the  phenomenon 
occasions  a  reversal  of  the  most  dangerous  quadrants,  so  far  as 
the  right  and  left-hand  semicircles  are  concerned.  In  the 
•outhem  hemisphere  it  is  the  adpaneinf  quadrant  of  the  l^htmd 
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umieirtU  that  is  the  most  dangerous  quadrant  (as  shown  in  Fig. 
108),  where  the  vessel  put  before  the  wind  in  the  right-hani  semi- 
eircle  recedes  from  the  axis-line,  but  the  vessel  in  the  left-hand 
$em%e%r«l$  is  approaching  it.  The  most  dangerous  quadrant, 
therefore,  is  that  which  belongs  both  to  the  front  and  to  the 
advancing  or  quicker  semicircle.  Hence  the  following  important 
general  rule : — 

ThU  in  the  nobthxrk  h$mtsph&re  the  most  dangerous  quadrant  of 
a  eyehne  m  the  adyanoino  quadrant  of  the  BioUT-HAin>  ssmioircli  ; 
but  in  the  soTTTHEaN  hemisph&r&  it  is  the  ADVANOiNa  quadrant  of  the 

UFT-HAVD  SEMIGIBOLB. 

The  remarks  hitherto  have  related  to  the  phenomena  resulting 
from  the  two-fold  motion  of  a  hurricane.  We  may  now  not  in- 
appropriately introduce  a  very  important  deduction  of  a  highly 
practical  nature.  It  is  the  side  on  which  a  vessel  will  receive 
the  wind  in  a  revolving  storm*  according  as  she  is  sailing  towards 
the  cenire  or  margin.  When  a  ship  in  N.  latitude  meets  a 
revolving  storm,  when  sailing /rom  the  centre  to  the  margin,  she 
will  receive  the  wind  on  her  starboard  side,  but  if  her  head  is 
directed  towards  its  centre^  she  will  receive  the  wind  on  her  port 
side:  and  when  a  ship  in  8.  latitude  meets  a  revolving  storm  she 
receives  the  wind  on  her  port  side  when  sailing  out  of  but  when 
sailing  tawardSf  the  centre  she  will  receive  the  wind  on  her 
starhoard  side  (see  Figs.  109  and  1 10). 

Fig.  109.  Fig.  no, 

Korthem  Hemisphere.  Southern  Hemiiphere. 


These  facts  readily  indicate  the  means  adopted,  either  to  retire 
to  or  beyond  the  margin  of  the  storm  or  to  draw  from  the  centre 
when  lying-to.    The  rules  suggested  are. 

The  STABBOABD  tack  in  N.  latitude, 

And  the  fobt  taek  in  S.  latitude, 

WiU  always  take  the  ship  away  from  the  focus. 

*  The  same  rules  apply  eqnsUy  to  an  inonrving  or  spiral 
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The  following  figure  is  intended  to  show  what  would  be  the 
track  of  a  ship  in  N.  latitude  when  steered  so  as  to  keep  the 
wind  on  the  starboard  quarter.  The  reverse  of  this  figure  (which 
may  be  obtained  by  holding  the  leaf  up  to  light  with  its  back 
turned  to  the  eye)  will  show  what  would  be  the  track  of  a  ship 
in  8.  latitude  when  steered  so  as  to  keep  the  wind  on  the  port 
quarter.  These  figures  represent  the  tracks  of  ships  in  rerolving 
storms  to  be  supposed  stationary.  In  gales  having  progressive 
movement  such  tracks  would  be  modified. 


Fig.  III. 


When  it  is  considered  desirable  that  the  ship  should  be  hove-to 
that  tack  should  be  selected  on  which  the  wind  draws  aft,  because 
from  the  extreme  violence  of  the  wind,  there  is  danger  if  it  should 
head  the  ship  of  her  getting  stemway ;  therefore 

W%$n  a  vesiel  is  tn  the  bioht-haio)  SEMiazBOUB  heave-to  on 

the  STABBOABD  TAOK,  but 

When  in  the  LSFT-HAm)  sbmigirgui  heave-to  on  the  post 

TAOE. 

In  this  way  the  ship  will  ooia  ttp  as  the  wind  Mfl9,  instead  of 
falling  off  from  it. 

Bunning  is  never  reoommended  except  as  a  necessity. 
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Ship  on  the  direct  path  of  centre.— If,  with  the  ship 
boye-to  the  wind  continues  steady  in  the  same  direction,  inoreasng 
in  yiolence  with  a  rapidly  falling  barometer,  it  may  be  presumed 
that  the  ship  lies  on  the  direct  path  of  the  storm's  centre,  and  it 
will  be  necessary  to  run  before  the  wind. 

If  the  yessel  be  unable,  firom  want  of  sea  room,  to  run  her 
position  becomes  one  of  great  danger,  and  every  precaution 
should  be  taken  to  prepare  for  the  passage  of  the  centre  over  the 
ship ;  for  the  steady  wind  will  be  succeeded  by  a  short  interval 
of  calm,  to  be  followed  by  a  sudden  and  most  violent  burst  of 
wind  from  the  opposite  point  of  the  compass  from  that  firom  which 
the  wind  has  been  blowing.  After  the  calm  the  barometer  will 
commence  slowly  to  rise. 

It  has  sometimes  been  advised  that  a  vessel  should  always 
scud  before  a  cyclone.  Lieut.-Clol.  Bbid  shows,  that  although 
there  is  one  quadrant  of  the  storm  in  which,  by  scudding,  a  ship 
wiU  be  carried  beyond  its  influence ;  yet,  in  the  opposite  quarter, 
scudding  will  be  especially  dangerous,  as  tending  to  carry  the 
vessel  across  before  the  progress  of  the  centre  of  the  storm.  This 
will  obviously  be  the  case  in  the  firont  or  forward  half  of  the  left- 
hand  semicircle  of  a  storm  in  N.  latitude,  or  in  the  forward  half 
of  the  left  hand  semicircle  of  one  of  the  storms  of  the  Indian 
Ocean. 

When  a  ship  can  run  she  will  of  course  make  for  the  nearest 
edge  or  limit  of  a  revolving  storm,  and  cases  have  occurred  in 
which,  under  favourable  circumstances,  a  ship  has  even  made  a 
fair  wind  of  a  cyclone.  Bunning,  however,  is  attended  with  risk 
of  losing  the  masts  and  upsetting,  or  broaching-to,  as  it  is  very 
difficult  to  take  in  sail  in  a  violent  storm.  And  again,  in  conse- 
quence of  the  variable  path  of  the  storm  in  higher  latitudes,  it 
is  only  in  low  latitudes  that  such  a  course  could  be  taken. 

Heaving-to,  as  has  already  been  stated,  will  alwaysbe  dangerous 
when  in  front  of  the  cyclone  and  necur  the  line  of  progression  of 
the  storm,  and  having  reason  to  believe  the  sldp  is  in  that 
position,  avoid  heaving-to  under  the  following  circumstances, 
unless  compelled  to  do  so. 

When  in  the  Northern  hemisphere. 

Storm  moving  to  N.W.,  winds  between  N.N.E.  and  E.N.E. 
Storm  recurving,  winds  between  E.N.E.  and  E.S.E. 
Storm  moving  North-easterly,  winds  between  E.S.E.  and 
S.S.E. 
When  in  the  southern  hemisphere. 
Storm  moving  South-westerly,  winds  between  S.S.E.  and 

E.S.E. 
Storm  recurving,  winds  between  E.S.E.  and  E.N.E. 
Storm  moving  South-easterly,  winds  between  KN.K  and 
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The  first  of  two  fignres  here  inserted  is  intended  to  represent 
one  of  the  West  Indian  hurricanes,  moving  towards  the 
N.W.  by  N.,  in  the  direction  of  the  spear  drawn  obliquely.  It 
may  be  ascertained  what  part  of  a  revolving  storm  a  ship  is  falling 
into  by  observing,  as  abeady  stated,  how  the  wind  begins  to  veer. 
Thus,  in  the  first  figure,  the  ship  which  falls  into  the  right-hand 
semicircle,  would  receive  the  wind  at  first  about  E.  by  N. ;  but 
it  would  soon  veer  to  East  as  the  storm  passed  onward  and 
supposing  her  lying-to ;  but  if  a  ship  fall  into  the  left  semicirde, 
it  would  at  fiirst  receive  the  wind  at  N.E. ;  but  with  this  latter 
ship,  instead  of  veering  towards  East,  it  would  veer  towards 
North. 

The  explanation  of  the  rule  will  best  be  made  out  by  attentively 
inspecting  the  two  figures.  In  hothy  th$  black  ihips  are  on  their 
proper  taehf  i.e.,  the  tacke  on  which  they  wiU  come  tip  to  the  wind; 
the  white  ships  on  the  tacks  on  which  they  will  fall  oS. 

Eig.  1 13  is  intended  to  represent  one  of  those  hurricanes  in  8. 
latitude,  which  pass  near  Mauritius,  proceeding  to  the  8.  W. -ward. 
The  storm  is  supposed  to  be  moving  8.  W.  by  8.  in  the  direction 
of  the  spear-head.  It  will  he  seen  that  tiie  black  ships  are 
always  coming-up,  and  the  white  ships  always  breaking  off; 
and  that  they  are  on  opposite  tacks  on  opposite  sides  of  the  cirdes. 

From  this  rule  it  follows  that  if  two  ships  be  hove-to  within 
the  compass  of  the  same  revolving  storm  and  on  the  same  tack, 
and  the  one  ship  falls  off,  the  centre  of  such  revolving  storm  will 
be  passing  between  them.  By  this  means  we  may  judge  ap- 
proximately of  the  track  a  storm  may  be  following,  even  in  Uie 
case  of  single  ships. 

In  some  cases,  however,  should  the  ship  forge  ahead,  she  will 
draw  towards  the  track  of  the  centre  of  the  storm.  If  we  look 
at  the  black  ships,  in  the  left  hand  semicircle  of  the  figure  for 
N.  latitude,  and  in  the  rt^ht  hand  semicircle  of  the  figure  for  S. 
latitude,  it  will  be  seen  that  these  black  ships  point  with  their 
heads  towards  the  centre  of  the  storm.  If  they  forge  ahead 
they  will  draw  towards  the  track  of  the  centre.  As  a  general 
rule,  therefore,  it  may  be  preferable  to  heave-to  on  the  starboard 
tack  in  N.  latitude,  and  on  the  port  tack  in  8.  latitude ;  the  ship 
will,  under  these  circumstances,  draw  from  the  storm's  centre. 

When  bound  westward,  in  either  N.  or  8.  latitude,  a  vessel 
will  meet  with  favourable  winds  from  the  eastward  in  the  adoaneing 
semicirde. 

In  N.  or  8.  latitudes,  vessels  bound  to  the  eastward  will  meet 
with  favourable  winds  in  the  receding  semidrde. 

The  application  of  these  rules  would  be  comparativdy  easy  if 
the  course  of  the  storm  were  nearly  straight;  but  they  become 
difficult  when  the  storm  is  sweepiag  round  the  mort  enrved  part 
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of  its  track,  or  recurves  usually,  as  before  stated,  at  about  latitude 
25°  or  30%  where  the  ship  may  often  be  twice  InTolred  in  the 
vertex.  It  is  at  this  particuliur  part  of  their  track  that  cyclones 
have  produced  the  most  fatal  effects  at  sea ;  and  hence  it  is  that 
the  most  dreaded  part  of  the  Atlantic  is  near  the  Bahamas  and 
Florida ;  and  that  of  the  Indian  Ocean,  to  the  South  of  Mauritius 
and  Bourbon. 

When  bound  westward  in  a  revolving  gale  between  the 
latitudes  of  i  o^  and  40^  N.,  it  is  necessary  to  keep  a  good  look-out 
for  the  hend  of  the  storm ;  the  more  so  if  S.E.,  E.,  or  N.E.  winds 
be  met  with.  If  bad  weather  is  found  rapidly  to  increase  and 
the  easterly  winds  A«fi^,  the  storm  is  rseurvin^f. 

The  entire  storm  paths  of  the  Western  Atiantic  are  characterised 
by  certain  winds  that  are  most  dangeroui  to  vessels  falling  in  with 
them,  according  to  the  locality,  as  follows : — 

1 .  Before  recarTing— off  the  West  India  Islands — the  most 
dangerous  hurricane  winds  are  those  between  E.N.E.  and  N.E. 

2.  About  the  period  of  recurring,  vessels  off  the 
Bahamas  and  the  Coast  of  Florida  find  E.,  E.S.E.,  and  S.E. 
winds  most  dangerous. 

3.  After  recurvingy  vessels  off  the  coasts  of  the  United 
States  find  E.S.E.  to  S.S.E.  and  S.  winds  most  dangerous. 

The  general  sweep  of  dangerous  winds  in  the  North  Atlantic 
may  be  specified : — 

N.E.,  E.N.E.,  K,  E.S.E.,  S.E.,  S.S.E.,  and  S. 

Between  the  latitudes  of  10^  and  30°  S.,  when  bound  westward 
and  in  a  revolving  storm,  it  is  necessary  to  keep  a  vigilant  look- 
out for  the  hend;  the  more  especially  if  N.E.,  E.,  or  S.E.  winds 
be  met  with.  If  ^m  stress  of  weather  the  vessel  being  hove-to, 
and  an  easterly  wind  hanff$f  the  storm  is  recurving. 

In  the  Southern  Indian  Ocean,  if  the  cyclone  be  moving 
towards  the  S.W.,  the  most  dangerous  winds  are  those  between 
S.  and  E.,  but  when  moving  towards  the  S.E.,  winds  between 
the  E.  and  N.  are  the  most  dangerous. 

So  that  in  both  hemispheres  winds  inclining  to  westerly  are 
comparatively  safe,  while  such  as  have  easting  in  them  require 
caution,  skill,  and  judgment  in  manoBuvring  the  ship  under 
whatever  circumstances  they  are  encountered — whether  by  run- 
ning into  them,  or  being  overtaken  by  a  hurricane. 

In  N.  latitude,  if  a  ship  bound  wsstward  meet  with  the  S.  or 
S.W.  winds  of  a  hurricane,  she  will  at  first  sail  into  the  heart  of 
the  storm,  and  then  be  **  headed  off"  her  course.  By  heaving-to 
on  the  itarhoard  tack,  ''waiting  on"  the  storm  while  it  gets 
northing^  and,  if  needs  be,  standing  to  the  eastward,  the  position 
of  the  vessel  will  mostiy  be  improved,  and  the  wake  of  the  storm 
may  be  oroased  witfi  safetgr. 
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If,  in  S.  latitude,  and  bound  toeitward^  the  N.  or  N.W.  winds 
of  a  reTolying  gale  be  met  with,  heave-to  on  ih.^port  tack,  *'wait 
on''  the  storm  while  it  gains  southinfff  and  stand  to  the  sasiward 
if  neoessarj. 

LrDiOiiTioNS.— As  waves  may  be  propagated  with  great  rapidity, 
a  swell  more  or  less  confused  has  been  noticed  as  the  indication 
of  an  approaching  or  passing  hurricane. 

A  noise  in  the  air  heralds  as  it  were  the  approaching  storm, 
and  an  unusual  glare  or  colour  in  the  h'ght,  commonly  of  a  red 
hue,  has  been  observed. 

All  accounts  describe  a  hurricane  as  attended  by  a  remarkably 
dense  lofty  wall  or  bank  of  doud,  of  a  dark  or  leaden  appearance. 
As  the  vessel  approaches  the  storm  the  bank  of  doud  appears  to 
advance  and  draw  dosely  down  upon  the  ship.  Scud  seen  flying 
in  different  directions  is,  of  course,  a  sign  of  nearer  approach. 

One  of  the  most  important  indications  in  the  tropics  is  afforded 
by  the  barometer,  because  the  height  of  the  barometer  is,  in 
those  regions,  very  nearly  constant. 

The  barometer  generally  falls  slowly,  but  steadily,  for  some 
time  previous  to  a  hurricane.*  If  a  diameter  of  the  storm  be 
drawn  transverse  to  the  axis  line  dividing  the  starboard  and  port 
semidrdes  into  two  equal  quadrants,  it  will  exhibit  those  portions 
of  the  storm  in  which  the  barometer  will  fall  and  rise.  Whilst 
the  first  half  of  a  storm  is  passing  a  ship  the  mercury  will  &11, 
and  whilst  the  succeeding  half  is  passing  the  barometer  will  rise. 
The  transvene  diameter  will  also  be  characterised  by  a  barometer 
which  is  proportionably  lower  as  the  fooos  draws  near. 

At  or  near  the  focus  the  depression  is  greater.  The  extreme 
fall  recorded  is  bom  29*0  to  26*3,  or  2*7,  and  it  is  supposed  to 
have  fallen  still  more. 

In  most  cases  of  manceuvring  it  is  desirable  to  keep  just  within 
{he  verge  of  the  storm ;  and  here  the  barometer  is  of  signal 
benefit,  since  by  keeping  it  as  high  as  possible  without  losing 
the  oydone  winds  the  vessd  is  kept  just  within  the  margin  of 
the  storm. 

It  has  also  been  observed,  that  previoiudy  to  a  hurricane  the 
barometer  has  stood  higher  than  usual.  Colonel  Bbid  accounts 
fbr  this  by  supposing  that  the  advandng  whirlwind  interferes 


*  The  fall  nsnnlly  begins  about  73  boun  before  the  8tonD|  and  indicates  its  approeoli 
when  it  is  M  much  as  800  or  900  miles  off  at  least. 
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with  the  aBual  progress  of  the  winds,  and  tends  to  heap  up  the 
air  in  its  path,  thereby  increasing  its  pressure  or  weight. 

Lieat.-Col.  Beid  considers  that  the  indications  of  a  progressiye 
rcTolving  storm  are  a  descending  barometer,  with  a  regularly 
veering  wind,  or  with  the  shifting  suddenly  to  the  opposite  point, 
as  also  an  increase  of  warmth  and  moisture ;  while  on  the  ether 
hand  he  considers  that  a  high  and  stationary  barometer  attends 
a  wind  constant  to  the  same  point. 

Oeneral  directions  as  to  manceayres.— The  following 
general  directions  as  to  the  mancBuvres  to  be  made  in  a  cydone 
are  drawn  from  the  most  recent  writers. 

When  in  the  region  and  in  the  season  of  revolving  storms,  the 
seaman  should  be  on  the  watch  for  premonitory  signs.  CamUmtly 
and  earefutty  abi&rve  and  record  ih$  harametcr. 

When  there  are  indications  of  a  cyclone  being  near  heave-to, 
and  carefully  observe  and  record  the  changes  of  the  barometer 
and  wind,  so  as  to  find  the  bearing  of  the  centre,  and  ascertain 
by  the  shifting  of  the  wind  in  which  semicircle  the  vessel  is 
situated  (see  pages  39;  and  396).  Much  will  often  depend  upon 
heaving-to  in  time. 

When,  after  careftil  observation,  there  is  reason  to  believe 
that  the  centre  of  a  cyclone  is  approaching,  the  following  roles 
should  be  followed  in  determining  whether  to  remain  hove-to  or 
not,  and  the  tack  on  which  to  remain  hove-to : — 

IT.  BemlsphereB — ^If  in  the  right-hand  semicircle,  heave- 
to  on  the  starboard  tack.  If  in  the  left-hand  semioirble,  ilin, 
keeping  the  wind,  if  possible,  on  the  starboard  quarter;  and 
when  the  barometer  rises,  if  necessary,  to  keep  the  ship  from 
going  too  far  from  her  proper  course,  heave-to  on  the  port  tack 
(see  page  402). 

S>  Bemlspberea— If  in  the  right-hand  semicircle,  ruui 
keeping  the  wind,  if  possible,  on  the  port  quarter ;  and  when  the 
barometer  rises,  if  necessary,  to  keep  the  ship  from  going  too  far 
from  her  proper  course,  heave-to  on  the  starboard  tack.  If  in 
the  left-hand  semicircle,  heave-to  on  the  port  tack  (see  Eig.  in, 
page  401). 

Both  BemlsphereSa — ^When  the  ship  lies  in  the  direct  line 
of  advance  of  the  storm — which  position  is  the  most  dangerous 
of  all — run.  And  in  all  cases  act  so  as  to  increase  as  soon  as 
possible  the  distance  from  the  centre ;  bearing  in  mind  that  the 
whole  storm-field  is  advancing. 

In  receding  from  the  centre  of  a  cyclone  the  barometer  lifill 
risoi  and  the  wind  and  sea  subside. 
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QuBSTioHs  BsiATiNa  TO  OroLoinu  ob  BsyoLYnra  Stobmb  oomicoit  nr 

Tbopioal  Seab. 
An  applicant  for  a  Master's  Certificate  for  Foreign-going  Yessek  must 
answer  in  writing,  on  paper  supplied  to  him  by  the  Examiner,  the  following 
Questions,  numbering  the  answers  to  correspond  with  the  Questions. 
Question — 

1.  The  direction  of  wind  in  a  Cydone  being* , 

state  the  probable  bearing  of  its  centre  from  the  ship  in  the 
# Hemisphere. 

2.  And  suppose  that  the  wind  during  the  passage  of  the  samt 

Cyclone  were  foimd  to  change  toward  the* , 

what  would  be  the  ship's  position  with  reference  to  the  line 
of  progression  of  the  centre  of  the  Cydone,  and  what  action 
would  you  take  ? 

3.  Under  what  conditions  would  the  change  in  the  direction  of  the 

wind  in  the  Cydone  be  the  reverse  of  the  above  ? 

4.  What  are  the  usual  indications  of  a  ship  being  on  the  line  of 

progression  of  the  centre  of  a  Cyclone  f 

5.  What  are  the  usual  indications  tiiat  a  ship  is  (a)  approaching 

the  centre  of  a  Cydone ;  {h)  receding  from  it  ? 

6.  Describe  the  track  usually  taken  by  cydonet  in  thef- 


-,  and  state  the  seasons  of  the  year  in  which  they 
most  frequently  occur  in  that  region. 

The  questions  set  to  Candidates  are  framed  with  a  view  to  elioit  the  &ot  of  thdr  ppeiesshig 
sniBcient  knowledge  of  the  subject  to  avoid  any  gross  mistake  in  the  management  of  ships 
in  a  cyclone.  All  answers  may  be  based  on  the  purely  circular  theory,  iAi^  is,  allowing 
eight  points  for  finding  the  bearing  of  the  centre  (see  pages  388  and  389),  and  on  the  roles 
deduced  from  this  for  escaping  the  centre  (see  page  40a).  The  Oandidate  haTiag  answered 
Ko.  I  as  just  directed,  must  read  No.  a  attentively.  (Nwer  aiUmpi  tc  muwmr  otijf  fUMtum 
ioithout  having  first  carefully  read  it  through  from  the  beginning.)  Next  look  at  No.  6  and 
note  what  locality  is  mentioned.  Now  draw  a  small  circle,  if  ever  so  rude,  on  Ae  margin 
of  your  paper,  abreast  of  the  space  allotted  for  your  answer  to  No.  a ;  put  little  arrow  Im«m 
on  the  circle  to  show  which  way  the  Wind  is  revolving,  and  a  long  siiraight  arrow  through 
the  oenire  to  denote  the  direction  the  storm  is  travelling— the  arrows  being  supposed  to  f^ 
foith  the  wind  or  storm  not  against  it.  The  circle  will  show  where  the  ship  was,  first,  when 
she  had  the  wind  as  given  in  No.  i,  and  next,  her  place  when  it  has  changed  as  in  No.  a 
(see  Rgs.  98  and  99,  page  387). 

Having  ascertained  where  the  t&ap  is,  proceed  to  answer  No.  a. 

Note  particularly  if  the  ship  is  in  the  dangerous  quadrant  (see  pages  398  and  401) ;  if  so, 
do  not  state  in  vour  answer  that  you  would  run  (see  page  401).  Ia  answering  this  question 
a  course  shoula,  if  possible,  be  made  at  right-angles  to  the  line  of  progression,  keeping  the 
wind  on  the  proper  side  for  the  latitude.  Starboard  side  in  N.  lat,  port  side  in  S.  lat. 
(pages  401  and  407) ;  and  note  the  oirole  ye«  ha^e  duawn  to  see  if  the  direction  of  the  wind 

To  be  praetical  the  winds  and  their  ehaages  given  in  Nos.  i  and  1  are,  or  ought  to  be, 
dependent  upon  the  looaltty  oamed  in  No.  6.  Foom  the  outset  of  the  study  frequently  con- 
sult page  39a,  uatil  you  get  a  fair  idea  of  how  cyclones  traivd  in  all  tJb«  various  latitudes. 

Nos.  3, 4  and  5  being  fixed  quesUons  the  answers  given  in  the  Examples,  Paper  I,  wiU  suffice. 

With  respect  to  No.  6,  if  only  an  Ocean  be  named,  it  may  bs  doubtfol  what  part  of  that 
Ocean  is  meant  when  the  diagram  to  No.  a  is  to  be  sketched;  as,  for  example,  the  Indian 
Ocean.  Here  storms  may  be  proceeding  W.8.W.,  S.W.,  S.,  S.SbE.  or  E.8.E.  (see  page  391). 
In  such  a  case  the  proper  way  is  to  state  aU  these  oonrses  in  thejanswer  to  Question  6,  and 
the  ehangee  of  wind  m  Questions  i  and  a  will  indicate  the  track  to  assume  for  Question  a. 

*  These  spaces  to  be  filled  in  by  the  Examiners,  and  frequently  varied, 
t  The  Examiners  to  fill  in  whether  North  Atlantio,  Bay  of  Bengal^  Ohina  Saai^  Isdlaa 
OosMi,  Ac.,  &e. 
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FlTEB  I. 

1.  The  direction  of  the  wind  in  a  cyclone  being  South*  state  the  probable  bearing  of  its 
centre  from  the  slup  in  the  Northern  Hemisphere. 

Answer. — In  the  Northern  Hemisphere  the  centre  bears  8  points  to  the  right  of  the  direc- 
tion of  the  wind;  therefore,  the  centre  will  bear  West. 

2.  And  suppose  that  the  wind  daring  the  passage  of  the  same  cyclone  was  fomd  to 
change  towards  the  S.W.,*  what  would  be  the  ship's  position  with  reference  to  the  line  of 
progression  of  the  centre  of  the  cyclone,  and  what  action  would  you  take? 

Answer, — The  wind  yeering  to  the  right  the  ship  would  be  in  the  right-hand  semicircle. 
I  would  sail  her  with  the  wind  on  the  starboard  side  antil  in  a  safe  position,  and  then,  if 
need  be,  heave-to  on  the  starboard  tack.  Should  the  barometer  again  f&ll,  sail  her,  aa 
before,  farther  out. 

J2«marifc«.— Ship  in  northern  part  of  North  Atlantio  Ocean  (see  Question  6).  If  the  wind  bloir  firom  the 
South  quarter,  that  is,  from  any  point  between  S.E.  and  S.W.  on  the  southern  horixon,  increasing  in  force, 
and  at  the  same  time  hauling  with  the  aun,  or  Arom  South  to  S.W„  the  ship  is  in  the  right'hatid  aemieircU 
(•ee  pages  395  and  396),  and  the  centre  bears  £ifht  points  from  her,  reckoned  with  the  etin,  from  the  direc- 
tion of  the  wind  (see  top  of  page  389},  the  storm  itself  moving  N.E. 

Fig.  114, 

Example  in  IUuatratim,^K  ship  in  lat.  ^^  N.,  long. 
48"^  W.,  with  an  increasing  wind  from  the  South,  and 
falling  barometer.  The  wind  hauls  to  the  S.W.,  that 
is,  with  the  tun,  the  ship  is,  therefore,  in  the  right-hmid 
temieirde  of  the  storm,  the  centre  bearing  at  first  West 
and  then  N.W.,  or  Sipht  points  from  the  wind,  reckoned 
iffiih  the  nm,  and  the  storm  is  moving  towards  the  N.E. 
(Fig.  114.) 


3.  Under  what  condition  would  the  change  in  the  direction  of  the  wind  in  the  cyclone 
be  the  reverse  of  the  abore  P 

Antwer, — ^The  change  in  the  direction  of  the  wind  woald  be  the  reverse  of  that  given  in 
Question  a  if  the  ship  were  on  the  other  side  of  the  line  of  progression  of  the  cyclone.  If 
the  ship  was  on  the  same  side  and  she  (heading  in  the  direction  in  which  the  centre  of  the 
cyclone  was  moving)  overtaking  or  going  faster  than  the  centre  progressed,  the  wind  would 
also  veer  the  other  way. 

ittfmorJkf.— Ship  in  northern  part  of  North  Atlantic  Ocean  (as  before).  If  the  wind  blows  ftom  the  Eaal 
quarter,  that  is,  from  any  point  between  S.E.  and  N.E.,  on  the  eastern  horiion,  increasing  in  foroe,  and  at 
the  same  time  hauling  agaimt  the  aun,  or  from  E.  to  N.E.,  the  ship  is  in  the  left-hand  aemicirele  (see  pages 
395  and  396),  and  the  centre  bears  Eight  points  from  her,  reckoned  with  the  mhi,  from  the  direction  of  the 
wind  (see  top  of  page  389),  the  storm  itself  moving  towards  the  N.E. 

Example  m  JffiM<ra<toi».^Another  ship  in  lat.  4^*  N., 
long.  58°  W.,  ezperienc<»s  a  wind  from  East,  which  hauls 
to  N.E.,  or  agaimt  the  Mm,  with  a  falling  barometer. 
This  ship  is  in  the  left-hand  eemieirele  of  the  same  storm, 
the  centre  bearing  South  and  S.E.,  Eight  points  fh>m  the 
wind,  also  reckoned  with  the  aun,  and  the  storm  is  moving 
towards  the  N.E.  (see  Fig.  1 15  annexed).  Run,  keeping 
the  wind,  if  possible,  on  the  starboard  qaarter ;  and  when 
the  barometer  rises,  if  necessary,  to  keep  the  ship  from 
going  too  £»  from  the  proper  coarse,  heave-to  on  the 
port  tack. 


^  The  direction  of  the  wind  is  to  be  filled  in]by  the  SUaminer  and  frequently  varied^ 
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4.  What  are  the  usaal  indications  of  a  ship  being  on  the  line  of  progression  of  the  centre 
of  a  oyclone  P 

Anaufw. — There  is  little  or  no  change  in  the  direction  of  the  wind,  which,  howoTer,  is 
increasing  rapidly  in  force,  with  a  continually  fSedling  barometer,  a  dangerous  sea,  and  ugly 
bunts  of  doud  in  the  direction  of  the  storm-field.    (See  Fig.  104,  pages  396  and  397.) 

5.  What  are  the  usual  indications  that  a  ship  is  (a)  approaching  the  centre  of  a  cyclone  P 
(b)  receding  from  it  P 

Answer, — (a)  Approaching. — ^The  barometer,  already  low,  falls  rapidly,  more  threatening 
appearance  of  the  weather,  dense  doud  bank,  gale  rapidly  increasing  in  violence,  with 
terrific  squalls  quickly  following  each  other.  Wind  veering  more  rapidly  (except  ship  on  the 
line  of  progression),  the  sea  beooming  cross  and  dangerous,  {b)  Receding. — ^The  barometer 
rising,  wind  subsiding,  sky  clearing,  but  the  sea  still  confused  and  dangerous.    (Fig.  104}. 

6.  Describe  the  track  usually  taken  by  cyclones  in  the  North  Atlantic,  and  state  the 
seasons  of  the  year  in  which  they  most  frequently  occur  in  that  region. 

Anatcer. — ^They  originate  a  few  degrees  north  of  the  equator,  about  16"  or  la**  N.  latitude, 
and  from  40'  to  6o*  W.  longitude ;  then  travel  W.N.W.  to  about  the  West  India  Islands, 
where  they  recurve  to  the  North,  and  then  to  the  N.E.  and  E.N.E.,  gradually  increasing 
in  diameter  until  the  become  expended  and  break  up. 

The  North  Atlantic  Cyclones  may  be  expected  from  July  to  beginning  of  November. 

The  diagrams  (Figs.  114  to  123,  on  pages  410  to  415)  are  intended  to  show  the  positions 
of  vessels  in  storms  in  such  a  way  as  to  indicate  the  passages  of  the  storms  over  them,  in  the 
direction  of  the  doited  linee.  It  will  be  remarked  that  each  vessel  is  on  the  proper  tack  to 
bring  her  head  from  the  centre.  In  the  Northern  Eemiephcre^  a  vessel  on  the  starboard  tadk 
will  sail  out  of  a  Bevolving  Storm;  in  the  SotUhcm  Eemiiphcre^  a  vessel  on  the  port  tack 
will  do  the  same. 

papbb  n. 

1.  The  direction  of  the  wind  in  a  cyclone  being  East,  state  the  probable  bearing  of  its 
centre  from  the  ship  in  the  Northern  Hemisphere. 

Antwer. — About  South. 

2.  And  suppose  that  the  wind  during  the  passage  of  the  same  cyclone  was  found  to 
change  toward  the  S.E.,  what  would  be  the  ship's  position  with  reference  to  the  line  of 
progression  of  the  centre  of  the  cyclone,  and  what  action  would  you  take  P 

Ans%cer,—Wind  veering  to  the  right ;  therefore  the  ship  is  in  the  right-hand  (or  star- 
board) semicircle  (see  lower  part  of  page  399).  Either  shape  a  course  away  from  the  centre 
of  the  storm,  or  heave-to  on  the  starboard  tack. 

Fig  116. 

Example  in  /^Mf/ra^tbn.— Suppose  a  ship  in  lat.  24^  N., 
long.  6s^  W.,  with  an  increasing  wind  from  East,  and  falling 
barometer ;  the  wind  hauls,  as  above,  to  S.E.,  that  is,  with 
the  8un;  the  ship,  therefore,  is  in  the  right-hand  semicircle 
of  the  storm,  the  centre  bearing  first  South  (see  Question  i 
above)  and  then  8.  W.,  or  eight  points  from  the  wind,  reckoned 
with  the  Mm,  and  the  storm  is  moving  towards  the  N.W. 
(see  Fig.  116). 

3.  Under  what  conditions  would  the  change  in  the  direction  of  the  wind  in  the  cydone 
be  the  reverse  of  the  above  P 

AnsKcr, — ^If  the  vessel  were  in  the  opposite  semicircle ;  or  if  on  the  same  side  as  before, 
and  the  vessel  be  moving  faster  than  the  storm  and  in  the  same  direction,  the  shift  may  be 
in  tile  opposite  direction  to  what  has  been  stated  in  answer  to  Question  a. 
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Fig.  1 17.  BxampU  in  lUustration.'^A  ihip,  in  latitude  12^  N^  longi- 

tade  69°  W.,  with  an  mcrsasm^  wind  from  North,  and  falling 
barometer.  The  wind  hank  to  N.W.,  that  is,  a^ainft  the 
sun  ;  the  ship  is,  therefor d,  in  the  frt>at  quadrant  of  left^hmnd 
Bemicirde  of  the  storm,  the  centre  bearing  at  first  East  then 
N.E.,  or  eight  points  from  the  wind,  reckoned  with  the  sun, 
and  the  storm  is  moving  towards  N.W.  Ban,  keeping  the 
wind,  if  possible,  on  the  starboard  qnarter ;  and  when  the 
barometer  rises,  if  neoesvary,  to  keep  the  ship  from  going 
too  far  from  her  proper  coarse,  heave-to  on  the  port  tack 
(see  page  40S}. 

4.  What  are  the  nsoal  indications  of  a  ship  being  on  the  line  of  progression  of  the  centre 
of  a  cy  done  t 

^«iM0»r.— See  ansuvw  to  the  same  qaestion  in  Paper  I. 

5.  What  sre  the  nsoal  indications  that  a  ship  is  (a)  approaching  the  centre  of  a  cyclone*? 
(5)  receding  from  it  P 

uliMiMr.— See  answer  to  the  same  qaestion  in  Paper  L 

6.  Describe  the  track  nsnally  taken  by  cydones  in  the  West  Indies,  and  state  the  1 
of  the  year  in  which  they  most  frequently  occur  in  that  region. 

^MMMT.— In  this  region  storms  mostly  travd  towards  the  W.N.W.  or  N.W.    The  f 
is  from  July  to  October,  August  and  Sq>tember  being  the  worst  months. 

Papbb  m. 

I.  The  direction  of  the  wind  in  a  cydone  being  East,  state  the  probable  bearing  of  its 
centre  from  the  ship  in  the  Southern  Hemisphere. 

u^MsiMr.— >The  centre  bean  North. 

a.  And  snppose  the  wind  during  the  passage  of  the  same  cyclone  was  found  to  diange 
towards  the  S.E.,  what  would  be  the  ship's  position  with  reference  to  the  line  of  progres- 
sion of  the  centre  of  the  cydone,  and  what  action  would  you  take  f 

^fiMMT.— Wind  veering  to  the  right;  therefore,  the  ship  is  in  the  Hght-hmid semioirde. 
I  would'  saU  her  with  the  wind  on  the  port  side  until  in  a  safe  position,  and  then,  if 
need  be,  heaye-to  on  the  starboard  tack.  Should  the  barometer  again  fsU^  saU  her,  as 
before^  frirther  out  (see  page  408}. 

AesMTite.— The  ship  is  ia  tlie  south  part  of  the  Southern  Indian  Ooean,  and  if  the  wind  blow  from  the 
East  quarter,  that  is,  from  any  point  between  N.E,  and  S.E.  on  the  eastern  hoxiion,  increasing  in  foroe,  and 
at  the  same  time  hauling  against  the  sun,  or  from  East  to  3.E.,  the  ship  is  in  the  right^hoHd  aemieirele  (see 
pages  395  and  396),  and  the  centre  bears  JBight  points  from  her,  reckoned  with  ths  sun,  from  the  direction 
of  the  wind  (see  top  of  page  389),  the  storm  itself  moTing  towards  the  8.W. 

Fig.  118. 

Example  in  Illustration A  ship  in  lat  $f  S.,  long.  6^!*  E., 

with  an  increasing  wind  from  East  and  falling  barometer. 
The  wind  hauls  to  S.E.,  that  is,  against  the  sun;  the  ship  is, 
therefore,  in  the  right-hand  semieirele  of  the  storm;   the 
Q   I  >.  1        centre  being  first  North  and  then  N.E.,  or  eight  points  from 

the  wind,  reckoned  with  the  sun,  and  the  storm  is  moving 
towards  the  S.E.  By  Qaestion  6  the  locality  is  the  Indian 
Ocean.  It  will  be  at  once  apparent  that  the  ship's  position 
is  in  the  southern  verge  of  the  storm,  but  not  in  the  danger- 
ous quadrant. 

3.  Under  what  oondition  would  the  change  in  the  direction  of  the  wind  in  the  i^ydone 
be  the  reyerse  of  the  above  f 

Answer,^-Ji  ihd  ship  were  on  the  other  side  of  the  line  of  progression,  or  if  overtaking 
or  going  frster  than  the  storm  on  the  same  side  as  before. 

Semark$,—lt  the  wind  blow  from  the  North  quarter,  that  is,  from  any  point  between  K.E.  and  N.W.  on 
the  northern  horison,  increasing  in  force,  and  at  the  same  time  hauling  with  the  sun,  or  frtmi  North  to 
K.W.,  the  ship  is  in  the  left-hand  tsmieirele,  and  the  centre  bears  eight  points  from  her,  reckoned  with  the 
sun,  frem  the  direotton  of  the  wind  (see  top  of  page  389),  the  storm  itself  moviag  towards  S.E. 
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Exan^  in  IUu9traiim.^^\A^  in  lat.  32*  S.,  long.  68''  E., 
(the  locality  (Qaertion  6)  beiog  the  Indian  Ooean),  with  an 
increasing  wind  from  North  and  falling  barometer.  The 
wind  haole  to  the  N.  W.,  that  Sa,  wUh  ih$  «m ;  the  ship, 
therefore,  is  in  the  left-hand  temmrck  of  the  same  storm ; 
the  centre  bearing  at  first  West  and  then  S.W.,  or  eiffht 
points  from  the  wind,  reckoned  ^aUh  the  eim,  and  the  storm 
is  moving  towards  the  S.E.  The  position  of  the  ship  is  here 
on  the  southern  verge  of  the  storm,  and  in  the  "  dangerons 
quadrant."  To  run  in  such  case  she  must  be  headed  away 
to  the  N.E. 

4.  What  are  the  usual  indications  of  a  ship  being  on  the  line  of  progression  of  the  centre 
of  a  cyclone  P 

Jbuwer.—Bie  answer  to  same  question  in  Paper  t. 

5.  What  are  the  usual  indications  that  a  ship  is  (a)  approaching  the  centre  of  a  cyclone  P 
{b)  receding  from  it  P 

Aimeer,^Qee  answer  to  same  question  in  Paper  I. 

6.  Describe  the  track  usually  taken  by  cyclones  in  the  Indian  Oeean,  and  state  the 
aeaaons  of  the  year  in  which  they  most  frequently  occur  in  that  region. 

.^iMiMr.— They  appear  to  form  in  about  lat.  10°  S.,  long.  105°  E^  to  the  westward  of 
JaTa,  whence  they  proceed  W.8.W.  and  S.W.  to  ^9P  or  30°  8.,  on  the  coast  of  Africa; 
frequently,  however,  in  about  76*  or  86"  long.,  but  particularly  when  approaching  Mauritius, 
taking  a  more  southerly  course,  alter  which  they  sometimes  move  E.S.E.,  gradually 
increasing  in  diameter,  but  somewhat  less  violent  as  they  progress,  until  they  become 
expended  and  break  up. 

The  months  of  Jsnuaty,  February,  March  and  April  are  essentially  the  hurricane  season, 
but  they  are  by  no  means  iniSrequent  in  November,  December,  and  May. 

Pahee  IV. 

t.  The  dirootion  of  the  wind  in  a  cydone  being  S.W.,  state  the  probable  bearing  of  the 
centre  from  the  ship  in  the  Southern  Hemisphere. 

^tmoer.^-ln  the  Southern  Hemiiphere,  the  centre  bears  8  points  to  the  left  of  direction 
of  the  wind,  therefore  the  centre  will  bear  S.E. 

1.  And  suppose  that  the  wind  during  the  passage  of  the  same  cyclone  was  found  to 
change  towards  the  West,  what  would  be  the  ship's  position  with  reference  to  the  line  of 
progreanon  of  the  centre  of  the  cyclone,  and  what  action  would  you  take  P 

Amwer.^The  ship  is  in  the  right-hand  semioirole.  Run,  keeping  the  wind,  if  possible, 
on  the  port  quarter;  and  when  the  barometer  rises,  if  necessary,  to  keep  the  ship  from 
going  too  frr  from  her  proper  course,  heave-to  on  the  starboard  tack  (see  page  408). 


JSxample  in  Iliuetration.—A  ship  in  lat.  20P  S.,  long. 
64^  E.  (northern  part  of  Southern  Indian  Ocean,  near 
the  Mauritius,  see  Question  6),  with  an  increasiBg  wind 
from  South,  and  falling  barometer.  The  wind  hauls  to 
S.W.,  that  is,  againat  the  tun;  the  ship  is,  therefore,  in 
the  right-hand  eemicircle  of  the  storm,  the  centre  bearing 
first  East  and  then  S.E.,  er  Sight  points  from  the  wind, 
reckoned  wOh  the  nm,  and  the  storm  is  moving  towards 
the  S.W.  (see  Fig.  110  annexed). 


3.    Under  what  conditions  would  the  change  in  the  direction  of  the  wind  in  the  cyclone 
be  the  reverse  of  the  above  P 
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Anaunr, — The  cliange  in  the  direction  of  the  wind  would  be  the  reverse  of  that  giTen  in 
Question  a  if  the  ihip  and  the  storm  are  travelling  in  the  same  direotion,  but  the  ship  going 
fiaster  than  the  storm.  The  change  would  also  be  the  reverse  if  the  ship  were  on  the  other 
■ide  of  the  line  of  progression,  but  not  going  fister  than  the  storm. 

4  and  5.    The  questions  and  answers  same  as  in  Paper  I. 

6.  Describe  the  track  usually  taken  by  cydones  in  the  Indian  Ocean,  near  Mauritius, 
and  state  the  seasons  of  the  year  iii  which  they  most  frequently  occur  in  that  region. 

Antu>«r. — In  that  region  storms  mostly  travel  towards  the  S.W.-waid.  The  season  is 
from  December  to  April,  February  and  liaroh  being  the  worst  months. 

Fapxe  V. 

I.  The  direction  of  the  wind  in  a  cyclone  being  East,  state  the  probable  bearing  of  its 
centre  from  the  ship  in  the  Southern  Hemisphere. 

Antwer. — In  the  Southern  Hemisphere  the  centre  bears  Si^hi  points  to  the  left  of  the 
direction  of  the  wind;  therefore,  the  centre  bears  about  North. 

1.  And  suppose  that  the  wind  during  tbe  passage  of  the  same  cyclone  was  found  to 
change  toward  the  N.E.,  what  would  be  the  ship's  position  with  reference  to  the  line  of 
progression  of  the  centre  of  the  cydone,  and  what  action  would  you  take  P 

Anawer, — Wind  backing  from  £.  to  N.B.,  the  ship  is  on  the  left-hand  side  of  the  storm. 
I  would  carry  sail  with  the  wind  on  the  port  side  until  in  a  safe  position,  and  then,  if 
f*]g.  121.  necessary,  heave-to  on  the  port  tack.    If  tke  barometer 

should  again  fall  sail  her,  if  possible,  further  out. 

NoTB. — Ship  in  latitude  34**  S.,  longitude  66*  E.  (near 
Mauritius,  see  Question  6}  experiences  a  wind  from  the 
East,  which  hauls  to  N.E.,  or  with  the  nin,  with  a  falling 
barometer.  This  ship  is  in  the  left-hand  temicircU  of  the 
storm,  the  centre  bearing  North  and  N.W.,  Bight  points 
from  the  wind,  also  reckoned  with  the  tun,  and  the  storm 
is  moving  towards  the  S. W.  (see  Fig.  r  2 1 }.  Now  calling 
the  top  of  your  paper  the  North,  sketch  a  small  diagram 
as  in  margin  above  (Fig.  120)  with  a  long  arrow  to 
show  the  direction  in  which  the  storm  is  moving.  It  will  at  once  be  evident  that  the 
ship's  position  is  in  the  southern  verge  of  the  storm,  in  the  '^  dangerous  quadrant."  To 
run  in  such  a  case  would  be  to  cross  the  advancing  front;  hence,  by  the  answer  just 
given  she  has  headed  away  S.E.  from  the  storm's  track. 

3.    Under  what  conditions  would  the  change  in  the  direction  of  the  wind  in  the  cyclone 
be  the  reverse  of  the  above  f 
.^MMMT.— See  answer  to  same  question.  Paper  I. 
4  and  5.    The  same  questions  and  answers  as  in  Paper  I. 

6.  Describe  the  track  usually  taken  by  cyclones  in  the  Indian  Ocean  near  Mauritius, 
and  state  the  seasons  of  the  year  in  which  they  most  frequently  occur  in  that  region. 

AnMwer,—lQ.  that  region  storms  mostly  travel  towards  the  S.W.-ward.  The  season  is 
from  December  to  April,  February  and  March  being  the  worst  months. 

Papbb  VI. 

1.  The  direction  of  the  wind  in  a  cyclone  being  8.S.E.,  state  the  probable  bearing  of 
its  centre  from  the  ship  in  the  Northern  Hemisphere. 

u^MJiMr.— About  W.8.W.  (in  N.  Hemisphere  eight  points  to  right). 

2.  And  suppose  that  the  wind  daring  the  passage  of  the  same  cyclone  was  found  to 
change  towards  the  S.S.W.,  what  would  be  the  ship's  position  with  reference  to  the  line  of 
progression  of  the  centre  of  the  cyclone,  and  what  action  would  you  take  P 
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Fig.  132. 

I  Afuwr. ^The  wind  veering  to  the  right  the  ship  would  be 

'1^  in  the  right-hand  semicirole  of  storm.    Ban  the  yesael  with 

the  wind  on  the  starboard  quarter,  and  when  the  barometer 
rises,  if  necessary,  to  keep  the  ship  from  going  too  far  from 
her  proper  course,  heave-to  on  the  starboard  tack.  Should 
the  barometer  again  fall,  run  her,  as  before,  iurther  out. 

NoTB.— Keferring  to  Question  6  the  locality  is  seen  to  be  the 
Bay  of  Bengal,  where  the  average  track  is  N.N.W.,  but  change 
of  wind  shows  storm  going  North,  diagram  (Fig.  iia)  shows 
ship  as  almost  out  of  the  dangerous  quadrant.  By  sailing  as 
above  (see  answer  to  question)  the  weather  will  be  found  to 
improve,  and  perhaps  a  fair  wind  may  be  got.  It  will  be  neces- 
sary, however,  to  watch  the  storm  does  not  reourve  to  K.E. 

3,  4,  and  5.    The  questions  and  answers  same  as  in  Paper  I. 

6.  Describe  the  track  usually  taken  by  cyclones  in  the  Bay  of  Bengal,  and  state  the 
season  of  the  year  in  which  they  most  frequently  occur  in  that  region. 

^jfjiMr.^Those  which  originate  in  the  north  part  of  the  bay  usually  progress  towards 
K.  by  W.  and  N.W.  by  W.  Those  which  originate  near  the  Andaman  Islands  (not  in  the 
Andaman  Sea)  progress  towards  N.N.W.  and  West ;  whilst  those  that  occur  in  the  south 
part  of  the  bay  have  usually  a  progressive  motion  towards  the  West,  or  a  little  North  of 
West.  The  seasons  are  at  Uie  change  of  the  Monsoons,  April,  May,  September,  October, 
also  in  November ;  the  two  latter  being  the  worst  months. 

Papbb  YU. 

r.  The  direction  of  the  wind  in  a  cyclone  being  West,  state  the  probable  bearing  of  the 
oentre  from  the  ship  in  the  Northern  Hemisphere. 

Jbmo0r^ — About  North  (N.  Hemisphere  eight  points  to  righ£). 

3.  And  suppose  that  the  wind  during  the  passage  of  the  same  cyclone  was  Ibund  to 
dhange  towards  the  S.W.,  what  would  be  the  ship's  position  with  reference  to  the  line  of 
piOgxMBion  of  the  centre  of  the  cyclone,  and  what  action  would  you  take  P 

^'  '^^*  ^ftnMr.— The  ship  would  be  in  the  left-hand  side  of  the  line 

of  progression  of  the  centre  of  the  cyclone.  I  would  run  the 
ship,  keeping  the  wind,  if  possible,  on  the  starboard  quarter ; 
and  when  the  barometer  rises,  if  necessary,  to  keep  the  ship 
from  going  too  Ux  from  her  proper  course,  heave-to  on  the 
port  tack. 

NoTB. — According  to  Question  6  the  locality  is  the  China  Sea, 
and  the  sketch  in  margin  shows  that  the  ship  is  in  the  S.E.  part 
of  typhoon,  and  in  a  hinder  quadrant.  To  avoid  the  terrible 
sea  of  the  wake  the  ship  should  be  kept  well  out  to  the  S.E. 

3,  4,  and  5.    The  questions  and  answers  same  as  in  Paper  I. 

6.  Describe  the  track  usually  taken  by  cyclones  in  the  China  Sea,  and  state  the  seasons 
of  the  year  in  which  they  most  frequently  occur  in  that  region. 

^fMiMr.^In  this  region  storms  generally  travel  Westerly  to  North- Westerly  in  July 
and  August,  and  South- Westerly  to  North- Westerly  in  the  months  of  September,  October, 
and  November, 
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EXAMINATION  PAPER--N0.  I. 
2b  he  iued  hy  all  Candidates  when  appearing  for  Examination  for  thefint  time  anlf. 

DEFINITIONS. 

Th$  Ckindidaie  it  requMted  to  write  at  Uatt  Un  of  tK$folbvowg  definitumi.  The  writing  shotOd 
U  deary  and  the  tpeUing  not  be  disregarded, 

1.  Thb  £aviTo&  18  a  great  cirde  psMing  round  the  earth  at  aa  equal  diatanoe  from  each 
pole  (see  page  63,  and  Fig.  11,  page  iS). 

2.  Thb  Polbs  of  the  earth  are  the  two  eztremitiea  of  its  axis,  ahoat  which  it  rerolyea 
(see  Fig.  11,  pnge  66). 

3.  A  Mbbidian  is  a  great  circle  passing  through  the  poles  perpendicular  to  the  equator 
(see  page  6$,  also  Fig.  11,  page  66). 

4.  Thb  Ecltptic  is  a  gteat  circle  representing  the  apparent  annual  path  of  the  sun  in 
the  heavens  (see  page  157). 

5.  The  Tbopioj  are  two  small  cirdes  parallel  to  the  equator,  one  of  which  is  23*  28'  north 
of  it,  and  is  called  the  Tropic  of  Cancer;  the  other  is  23**  28'  south  of  it,  and  is  called  the 
Tropic  of  Capricorn. 

6.  Latitudb  is  an  are  of  a  meridian  intercepted  between  the  place  and  the  equator,  and 
is  reckoned  in  degrees  (^,  minutes  ('),  and  seconds  O*    (See  page  6$,  also  Fig.  1 1,  page  66)^ 

7.  Pabaixbu  07  Latitudb  are  small  circles  parallel  to  the  equator  (see  page  6$,  also 
Fig.  II,  page  66). 

8.  LoKOiTUDB  is  an  arc  of  the  equator  intercepted  between  the  "first  meridian  "  and  the 
meridian  of  the  place  (see  page  65,  also  Fig.  1 1,  page  66). 

9.  Thb  Visiblb  Horizon  is  the  circle  bounding  the  spectator's  yiew  at  sea  (see  page  164). 

10.  Thb  Sbnsiblb  Hobizov  is  a  plana,  to  which  a  plumb  line  is  perpendicular,  passing 
throngh  the  eye  of  the  observer. 

11.  Thb  Batzonal  Hobizon  is  the  grsat  circle  in  which  the  plane  drawn  throngh  tks 
oentre  of  the  earth  parallel  to  the  sensible  horiaon  meets  the  celestial  concave. 

12.  Abtificial  Hobizon.— a  reflector,  whose  surface  is  perfectly  horiiontal,  used  to 
observe  altitudes  on  shore. 

1 3.  Tbxxb  Coubsb  of  a  Ship  is  the  angle  which  a  ship's  track  makes  with  a  true  meridian 
(see  page  75,  also  Fig.  17,  page  76). 

14.  Haombtio  Coubsb  is  the  angle  which  a  ship's  track  makee  with  the  magnetic  meri- 
disn  (see  page  75,  and  Fig.  i7>  page  7^)- 

15.  Compass  Coubsb  is  the  angle  which  a  ship's  track  makes  with  the  compass  needle 
(see  page  75,  also  Fig.  17,  page  76). 

16.  Vabiation  07  THB  CoMPAss  is  the  angle  between  the  meridian  of  the  place  and  the 
magnetic  meridian  (see  page  75,  also  Fig.  17,  page  76). 

17.  Dbviation  of  thb  Compass. — The  angle  between  the  magnetio  meridian  and  the 
direction  of  the  compass  needle,  and  represents  the  effect  of  disturbing  forcee  of  iron  near 
it  (see  page  75,  also  Fig.  17,  page  76). 

18.  Thb  Ebbob  of  thb  Compass  is  the  angle  between  the  meridian  of  the  place  and  the 
direction  of  the  compass  needle  (see  page  75,  also  Fig.  17,  page  76). 

19.  Lbbwat  is  the  angle  which  a  ship's  track  makes  with  her  faro  and-aft  lin^  or  keel 
(see  page  75,  also  Fig.  17,  page  76). 

20.  Mbbidian  Altttudb  of  a  Cblbstial  Objbct  is  the  angular  height  of  the  object 
f^boYO  the  horizon  when  it  is  on  the  place  of  obiervatiom 
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21.  Tbb  AzatVTa,  ob  Trub  Bbabiko  of  a  heavenly  body,  is  the  arc  of  the  horupn 
between  the  N.  and  S.  points  and  a  vertical  circle  passing  throogh  the  body  (see  page  163, 
also  Kg.  45>  I»«o  »7«»  and  Fig.  48,  page  174). 

aa.  Thb  Amputusb  of  a  hearenly  body  is  the  aro  of  the  horizon  between  the  East  point 
and  the  centre  of  the  object  when  rising,  or  the  West  point  when  setting  (see  page  164, 
also  Fig.  45. 1»«o  »7»»  and  Pig.  48,  page  174). 

23.  Dbclinatiox  of  a  celestial  object  is  the  aro  of  a  circle  of  declination  between  the 
object  and  the  equinoctial  (see  page  159,  and  Figs.  45  and  48,  pages  17  a  and  174). 

24.  PoLAB  DisTANCB  is  the  SIC  of  a  circle  of  declination  between  the  elevated  pole  and 
the  object  (see  page  161,  also  Pig.  45,  page  17a,  and  Pig.  48,  page  174}. 

35.  Bight  AscBirsioir  of  a  celestial  body  is  an  arc  of  the  equinoctial,  or  an  angle  at  the 
pole^  between  the  first  point  of  Aries  and  the  meridian  passing  through  the  object  (see  page 
159,  and  Fig.  48,  page  174). 

26.  Dip  is  the  angle  through  which  the  sea  horizon  is  depressed  in  consequence  of  the 
elevation  of  the  spectator  above  the  surface  of  the  earth.  It  is  the  angle  at  the  eye  of  the 
observer  between  the  visible  and  sensible  horizons  (see  Fig.  40,  page  164). 

a7.  BsFBAcnoMr  is  a  correction  to  be  applied  to  the  place  of  a  heavenly  body  on  account 
of  the  effect  of  the  earth's  atmosphere,  which  bends  the  rays  of  light  passing  through  it 
into  a  position  more  nearly  vertical,  and  thus  causes  the  apparent  places  of  the  heavenly 
bodies  to  be  above  the  true  places  (see  page  164}. 

28.  Paballax  is  the  angle  subtended  at  the  object  by  that  radius  of  the  earth  which  is 
drawn  to  the  place  of  observation. 

KoTB.^Parallax  is  a  correction  to  be  added  to  the  apparent  altitude,  or  that  which  is 
taken  on  the  earth's  surface,  to  make  it  what  it  would  have  been  if  observed  at  its  centre 
and  estimated  from  the  rational  horizon  (see  page  164}. 

29.  SBMmiAKBTXB  of  B  heavouly  body  is  the  angle  subtended  at  the  eye  of  the  observer 
by  the  radius  of  the  disc  (see  page  165}. 

30.  AuoKBifTATioN  OF  THB  Moon's  Sbmidiambtbb  IS  the  apparent  increase  of  the  Moon's 
•emidiameter  arising  from  the  decreased  distance  from  the  Moon  as  her  altitude  increases 
(tee  page  166). 

3  r .  Obsbbvbd  Altitttdb  of  a  heavenly  body  is  its  angular  distance  from  the  sea  horizon 
read  from  the  arc  of  the  instrument  by  which  the  altitude  has  been  measured. 

3a.  Appabxnt  Altitudb.— When  the  observed  altitude  has  been  corrected  for  Bip  and 
Semidiameter  (if  any)  the  result  is  the  apparent  altitude,  that  is,  the  apparent  angular 
height  of  the  object's  centre  above  the  sensible  horizon  (see  page  i68}« 

33.  Tbvb  ALTrnroB. — When  the  Apparent  Altitude  has  been  corrected  for  Refraction 
and  Parallax  (if  any)  the  result  is  called  the  True  Altitude,  that  is,  the  true  angular  distance 
of  an  object's  centre  above  the  Bational  Horizon  (see  page  166). 

34.  Zbmitk  Distangb  is  the  aro  of  a  vertical  circle  intercepted  between  the  zenith  and 
tlie  place  of  the  body  (see  page  163,  also  Pig.  459  P^go  17^1  ^^  '^8-  4h  P^^  i74)* 

35.  Vxbtioal  Cibolbs  are  great  circles  passing  through  the  zenith  perpendicular  to  the 
horizon. 

KoTB.^They  are  also  caUed  OM^  ofAUUtuU^  because  altitudes  are  measured  on  them, 
and  OireUt  0/ Azimuth^  as  marking  out  all  points  that  have  the  same  azimuth  (see  page  163}. 

36.  Pbimb  Vbbtical  is  the  vertical  circle  passing  through  the  East  and  West  points  of 
the  horizon  (see  page  163,  also  Pig.  45,  page  17a,  also  Fig.  48,  page  174}. 

37.  Civil  Tdcb  is  the  time  used  in  ordinary  life  to  record  events.  It  begins  at  midnight 
and  ends  at  the  following  midnight,  and  its  hours  are  reckoned  through  twice  la ;  from 
midnight  to  noon,  denoted  by  a.x.,  and  then  from  noon  to  midnight,  denoted  by  p.x.  (see 

I»ge  «75)- 

38.  AsTBOHoicoAL  Tdcb  is  the  time  used  in  all  astronomical  calculations;  it  begins  at 
noon  and  ends  at  the  following  noon,  its  hours  being  reckoned  from  0^  to  24^  (see  page  ijs). 
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39.  SiDBUKAL  Time  is  the  angle  at  the  pole  of  the  heayens  between  the  oelestial  meridian 
and  an  hour  circle  (or  circle  of  declination)  passing  through  the  first  point  of  Arief, 
measuring  from  the  meridian  westward  (see  page  169). 

40.  Mbait  TncB  is  the  angle  at  the  pole  between  the  celestial  meridian  and  a  circle  of 
declination  passing  through  the  mean  sun,  measuring  from  the  median  westward. 

41.  Apparbmt  Tucb  is  the  angle  at  the  pole  between  the  celestial  meridian  and  an  hour 
circle  (or  circle  of  declination)  passing  through  the  place  of  the  sun's  centre,  measuring 
from  the  meridian  westward  (see  page  167). 

4a.  Equatioit  of  Timb  is  an  angle  at  the  pole,  or  the  corresponding  arc  of  the  Equinoctial 
intercepted  between  the  hour  circles  passing  through  tbe  plaoes  of  the  true  and  mean  sun. 
It  is  the  difference  between  apparent  and  mean  time  (see  hour  oiroles,  page  166,  ako 
page  168). 

43.  Hottr-Akolb  of  a  celestial  object  is  the  angle  at  the  elevated  pole,  or  the  eorrea- 
ponding  arc  of  the  Equinoctial  intercepted  between  the  celestial  meridian  and  the  hour 
circle  passing  through  the  place  of  the  body. 

44.  GoMFLBMBNT  07  AN  Abo  OB  Anglb  ifl  the  remainder  obtained  hy  subtracting  the 
aro  or  angle  from  90"*  (see  page  39). 

45.  SuPFLBiCBNT  07  AN  Abo  OB  AxQLB  IB  the  remainder  obtained  by  subtraetiag  the  aro 
or  angle  from  i8o°. 

FOB  SECOND  MATE. 

1,  Multiply  7654  by  95,  and  733*36  by  875*52,  by  common  logarithms. 

2.  Divide  3654000  by  7308,  and  174*6015  by  58*2005,  by  common  logarithms. 
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Oorrect  the  courses  for  deviation,  variation,  and  leeway,  and  find  the  course  and  distanoe 
from  the  given  point,  and  the  latitude  and  longitude  in  by  inspection. 

4.  1887,  January  ist,  in  long.,  102"*  41  W.,  the  observed  mer.  alt  of  the  sun's  L.iu  wai 
59°  59'  50*1  bearing  South,  index  error  +  50%  height  of  eye  15  feet:  required  the  latitude. 

5.  In  latitude  37^  the  departure  made  good  was  89*2  miles :  required  the  diff.  of  long, 
by  FwaUa  Sailing. 
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6.  Beqnired  the  iswtnb  and  dUianoe  from  A  to  B,  by  eftki^tioii  OA  Meroator^B  principle. 

Lat.  of  A  4J**  8'N,  Long,  of  A  5°56'B. 

Lat.  of  B  39  29  N.  Long,  of  B  o  24  W. 

7.  1885,  January  19th:  find  the  time  of  high  water,  ajc.  and  p.ic,  at  Oherbonrg, 
Ohrifltohnrch,  and  Falmouth. 

8.  1887,  January  i8t»  at  V'  4»  jl.u.,  apparent  time  at  ship,  in  lat.  50"  3a'  N.,  long. 
'39"  51'  ^v  8im*8  bearing  by  compass  E.  by  S.  }  S. :  required  the  true  amplitude  and 
error  of  compass ;  and  supposing  the  variation  to  be  23°  52'  E. :  required  the  deviation  of 
the  oompass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  January  29th,  p.m.  at  ship,  lat.  42*  26'  N.,  observed  altitude  sun's  l.l.  13*^  40', 
index  corr.  —  i'  14',  height  of  eye  16  feet,  time  by  chronometer  ig'^  6>*  48"  40%  which,  on 
December  ist,  1886,  was  ii»  22*-3  tlow  for  mean  noon  at  G-reenwich,  and  on  Jtouai^  ist, 
1887,  was  8b  7*  tl&w  for  mean  noon  at  Greenwich:  required  the  longitnde  by  ohronometer. 

ADJUSTMENTS  OF  THE  SEXTANT. 

The  applicant  wili  answer  in  writing,  on  a  sheet  of  paper  which  will  be  given  him  by  the 
Examiner,  all  the  following  questiens,  numbering  his  answers  with  the  numbers  oonee^ 
ponding  to  the  questions  :— 

I.    What  is  the  first  adjustment  of  the  sextant  ? 

3.    How  do  you  make  that  adjustment  P 

3.  What  is  the  second  adjustment  P 

4.  Describe  how  you  make  that  adjustment  P 

5.  What  is  the  third  adjustment  P 

6.  How  would  you  make  the  third  adjustment  P 

7.  In  the  absence  of  a  screw  how  would  you  proceed  P 

8.  How  would  you  find  the  index  error  by  the  horizon  P 

9.  How  is  it  to  Ife  a/pp\Mi  P 

1  o.    Place  the  index  at  error  of  15  miniltei  4o  bd  added,  dlam^  ^  Md  lea^  it. 
Kora. — Th$  Ejfomimr  will  8$$  thai  U  is  eorrt^. 
KoTB.— jFbr  anawert  to  these  see  pages  285  and  286. 

1 1.    The  Eiatminer  will  then  place  the  zero  of  the  vernier  on  the  aro,  net  near  aifty  of  the 
mailed  diviifions,  and  the  Candidate  will  read  it. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1887,  January  15th,  mean  time  at  ship  9^  39B  44*  a.m.,  latitude  23^  39'  S.,  longitude 
127°  52'  W.,  sun's  bearing  by  compass  S.  103°  E.,  observed  altitude  sun's  l.l.  55*  8'  30*, 
index  error  —  2'  30',  height  of  eye  12  feet:  required  the  true  azimuth  and  error  of  the 
compass;  and  supposing  the  variation  to  be  7**  ^o'  E. :  reqailted  the  deviation  of  the  oom- 
pass for  the  position  of  the  ship*s  head  at  the  time  the  observation  was  taken. 

ir.  1887,  January  17th,  p.x.  at  ship,  lat.  by  acot.  36°  2'  N.,  long.  149*  28'  E.,  the  obs. 
alt.  of  the  sun's  l.l.,  South  of  the  observer,  was  32**  54'  15',  index  error  -|-  2'  18%  height  of 
eye  22  feet,  time  by  watch  i6<i  23**  s^,  which  had  been  fbund  to  be  20^  ^»  Oow  on  app. 
time  at  ship,  the  diflference  of  longitude  made  to  the  West  since  the  error  of  watch  on  app. 
time  at  ship  was  determined  was  39'* 2 :  required  the  latitude  by  reduction  to  meridian. 

The  remaining  problems  have  to  be  worked  on  the  second  day  of  Examination, 

12.  1887,  JauTiary  x6th,  ▲.!!.  at  ship,  and  uncertain  of  my  position,  when  a  ohronomeCer 
showed  January  1$^  22^  16^  x«  M.T.G-.,  obs.  alt.  sun's  l.l.  12**  52'  30^;  again,  P.1C.  at  ship 
same  day,  when  chronometer  showed  January  16'  2^  47B  2%  obs.  alt.  sun's  l.l.  14**  i'  57% 
height  of  eye  17  feet,  the  ship  having  made  42  miles  on  a  true  N.N.W.  course  in  tiie 
interval :  requiied  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the  ship's 
position  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming  tbe  ifhrp  to 
be  between  the  latitudes  480  50'  N.  and  4^  3«'  N. 
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OYOLOKEB,  OB  EEVOLTING  ST0EM8. 

The  OtrndUUiU  must  atmoer  in  writmg^  on  paper  tupplied  to  htm  hy  the  JBxanUner,  thefcUowmg 
^ueetions,  wmAerviig  the  anewers  to  corretpond  with  the  questume, 

Q.  I.  The  direoUon  of  the  wind  in  a  cyclone  bdng  S.E.,  state  the  probable  bearing  of 
its  centre  from  the  ship  in  the  Northern  hemisphere. 

Q.  1.  And  suppose  that  the  wind  daring  the  passage  of  the  same  cyclone  was  fonnd  to 
change  towards  Sonth,  what  would  be  the  ship's  position  with  reference  to  the  line  of 
progression  of  the  centre  of  the  cyclone,  and  what  action  wonld  yon  take  P 

Q.  3.  Under  what  conditions  woold  the  change  in  the  direction  of  the  wind  in  the 
oydone  be  the  reverse  of  the  above  P 

Q.  4.  What  are  the  nsoal  indications  of  a  ship  being  on  the  line  of  progression  of  the 
centre  of  a  cyclone  P 

Q.  5.  What  are  the  nsnal  indications  that  a  ship  is  (a)  approaching  the  centre  of  a 
oydone  P  if)  receding  from  it  P 

Q.  6.  Describe  the  track  nsnally  taken  by  cyclones  in  the  North  Atlantic,  and  state  the 
seasons  of  the  year  in  whioh  they  most  frequently  oecor  in  that  region. 

Candidates  for  Only  Mates,  First  Mates,  and  Masters'  certificates  will  be  required  to  give 
in  writing  replies  to  the  following  questions,  tipi  addition  to  those  required  of  Oandidatee  for 
Seoond  Mates'  Oertiflcates. 

I.    How  do  you  And  the  index  error  by  the  sun  P 

1.    The  reading  being  1 1^  ^^  ^|  What  is  the  index  error,  and  how  do  you  apply  it  f 

3.    What  proof  have  you  that  these  measurements  or  angles  have  been  taken  with 
tolerable  aocuraoy  P 
Koia.-^6!MiM^  a  86 /or  anMy)er»  to  the  above, 

CHART  WORK  FOR  ONLY  AND  FIRST  MATK 

ITting  the  outline  Maynetie  BngUeh  Channei  Chart.    Yar.  18*  W. 

t.  Using  Deviation  Card  No.  I,  find  the  course  to  steer  from  Cape  La  Heve  (or  A)  to 
the  Needles  (or  B) ;  also  the  distance. 

1.  With  the  ship's  head  on  the  above-named  compass  oourse,  Cape  La  Heve  (or  O)  bore 
by  compass  8.  by  B.  i  £.,  and  Fecamp  (or  D)  bore  by  the  same  oompass  SJi.  by  E.  ^  B. : 
find  the  ship's  position. 

3.  With  the  ship's  head  as  above  by  oompass  (E)  Cape  de  Cayeux  bore  by  oompass 
E.  by  N.  i  N.,  and  after  continuing  the  same  coarse  15  miles  it  bore  S  JS.  ^  E. :  find  the 
position  of  the  ship,  and  her  distance  from  E  at  the  second  bearing. 

ADDITIONAL  FOR  MASTER. 

4.  Find  the  course  to  steer  by  compass  from  Cape  La  Heve  to  the  Needles  (see  Ques« 
tion  i)  to  counteract  the  effect  of  a  current  which  set  true  W.  )>  8.  at  the  rate  of  3  milse 
an  hour,  the  ship  making  by  log  9  miles  an  hour;  also  the  distuice  the  ship  would  make 
good  in  3  hours,  and  also  in  i  hour,  towards  the  Needles. 

5.  1885,  June  14th,  at  iii>  59"  A.K.,  being  off  the  Needles  Point,  took  a  oast  of  the 
lead :  required  the  correction  to  be  applied  before  comparing  the  soundings. 

lb  be  written. 

6.  What  do  you  understand  those  small  numbers  to  indicate  that  you  see  placed  about 
the  chart,  and  at  what  time  of  tide  P 

Anewer.^-'Thd  depth  of  water  in  feet  or  fathoms  at  low  water  of  ordinary  spring  tides. 

7.  What  do  the  Roman  numerals  indicate  that  are  occasionally  seen  near  the  ooasts 
and  in  harbours  P 

Ammr^^Th»  time  of  high  water  at  that  plaoa  at  full  and  ehaage  of  the  moon. 


Digiti: 


zed  by  Google 


Ordinary  Bxamma^um. 


4«i 


8.  How  wonld  yon  find  the  time  of  high  water  at  any  place,  the  AdmiraUy  Tide  Tabhi 
not  being  at  hand,  nor  any  other  Tables  available  t 

Aniwer, — ^To  the  time  of  high  water  at  fall  and  change  add  49  minntes  for  every  day 
elapsed  rince  fnll  or  change ;  the  resolt  is  the  p.k.  time  of  high  water. 

Or  thus : — ^To  the  time  of  the  moon's  meridian  passage  add  the  time  of  high  water  at  fbll 
and  change ;  the  snm  is  the  p.m.  time  of  high  water. 

13.  1887,  January  a4th,  the  observed  meridian  altitude  of  star  a  Tauri  [Aldebaran)  was 
S^**S^»  bearing  South,  index  correction  ^  23',  height  of  eye  so  feet :  required  the  latitude. 

DEVIATION  OF  THE  COMPASS. 

N.B. — 1^0  CandiiaU  is  to  anawir  eorrMily  at  Ua$t  eight  ofmeh  of  the  following  que$iiont  m 
ar$  marked  ipith  a  erose  by  the  Examiner,    TAtf  Examimr  vfUl  mi  mark  Uee  than  twelve, 

1.  What  do  you  mean  by  Deviation  of  the  Compass  P 

A.  The  deflection  of  the  compass  needle  from  the  magnetic  meridian  caused  by  the 
attraction  of  the  iron  of  the  ship  (see  page  75). 

2.  How  do  you  determine  the  deviation  (a)  when  in  port  and  {b)  when  at  sea  P 

A.  By  bringing  the  ship's  head  successively  upon  each  of  the  thirty-two  points  of  the 
Standard  Ck>mpasfl,  or  on  each  alternate  poini^  and  then  (a)  by  taking  reciprocal  simul- 
taneous bearings ;  or  by  the  observer  on  board  taking  the  bearings  of  a  distant  object  whose 
correct  magnetic  bearing  is  known,  or  of  some  conspicuous  object  in  a  lioe  with  figures  on 
a  dock  wall,  {h)  At  sea,  by  amplitudes  and  aaimuths  and  the  known  variation  at  the  place 
of  the  ship. 

3.  Having  determined  the  deviation  with  the  ship's  head  on  the  various  points  of  the 
compass,  how  do  you  know  when  it  is  easterly  and  when  westerly  P 

A.  When  the  eorreet  magnetic  bearing  of  the  distant  objeot  is  to  the  right  of  the  reading 
of  the  compass  on  board  the  deviation  is  easterly,  when  to  the  left^  westerly. 

4.  Why  is  it  necessary,  in  order  to  ascertain  the  deviations,  to  bring  the  ship's  head  in 
more  than  one  direction  P 

A.    Because  the  deviation  changes  as  the  direction  of  the  ship's  head  is  altered. 

5.  For  accuracy,  what  is  the  least  number  of  points  to  which  the  ship's  head  should  be 
brought  P 

A.  Bight  points,  equally  distributed  round  the  compass;  if  the  deviations  be  known  on 
the  fonr  quadrantal  points,  K.E.,  S.B.,  8.W.,  and  N.W.,  with  the  aid  of  Kapiu's  diagram 
an  approximate  result  may  be  obtained. 

6.  How  would  you  find  the  deviation  when  sailing  along  a  well  known  coast  P 

A.  Take  the  compass  bearing  of  two  known  objects  when  in  one;  the  correct  magnetic 
bearing  may  then  be  taken  from  the  chart,  and  the  diffSsrence  will  be  the  deviation  for  the 
point  the  ship's  head  was  at  when  the  bearing  was  taken. 

7.  In  the  following  table  give  the  correct  magnetic  bearing  of  the  distant  object,  and 
thence  the  deviation. 

(correct  magnetic  bearing. 


Ship's  Head 

StanLrd 
CompasB. 

Bearing  of 

Distant  Objeot 

by  Standard 

Compass. 

DerUtion 
Beqnired. 

Ship's  Head 

Standard 
Compass. 

Bearinsof 

DistantObjeot 

bT  Standard 

Compass. 

Deviation 
Eeqoired. 

North     .... 

N.B. 

East 

8.B.    •.•••• 

N.  86»W. 
8.  79  W. 
8.  69  W. 
8.  6$  W. 

South     .... 

8.W 

West  ••••.. 
N.W 

8.  64«W. 
8.  7a  W. 
8.  89  W. 
N.  80  W. 
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8.  WXh  the  detiation  as  aboYO,  give  Hie  conrseB  yon  Woufd  steer  by  the  Standard 
Compais  to  make  the  following  ooarses  eorrect  magnetio. 

Correct  magnetic  conrseB:— W.N. W.;  N.K.E.;  B.S.E.;  S.S.W. 

Oompass  conrses  :— 

9.  Sapposing  yon  haye  steered  the  following  conrses  by  the  Standard  Compass,  find  the 
correct  magnetic  conrses  made  from  the  above  deviation  table. 

Compass. conrses:— N.N. W.;  E.N.E.;  S.S.E.;  W.S.W. 

Magnetic  conrses  :— 

10.  Ton  have  taken  the  following  bbtoings  of  t#o  distant  objects  by  yonr  Standard 
Compass  as  above,  with  the  ship's  head  at  N.W.  by  W.,  find  the  bearings^  conreot  mapietic. 

Compass  bearings  :*£.  by  8.  {  S.  and  N.  i  E. 

Bearings,  Magnetic : — 

11.  Name  some  snitable  objects  by  which  yon  could  readily  obtain  the  ^htiation  of  the 
compass  when  sailing  along  the  coasts  of  the  English  Channri. 

The  Soath  Foreland  lighthonses  in  one,  bearing  W.  by  N.,  eorrect  mAsgnetic;  }*ortland 
lights  in  one  N.N.W.  |  W.;  Prawl  Point  and  Start  lighthouse  in  one,  and  Lisaid  lights 
in  one ;  or  any  prominent  lighthonses  or  beacons  in  either  channel. 

12.  Do  yon  expect  the  deviation  to  change;  if  so,  state  under  what  circumstances  P 

A.  Yes,  it  changes  rapidly  for  several  months  after  the  ship  is  lannohed,  an  alteration 
also  takes  place  by  change  of  magnetic  latitude,  and  in  ships  running  long  upon  one  course 
and  then  dianging  the  course,  by  the  heeling  of  the  ship,  and  by  taking  in  a  cargo  of  iron. 

13.  How  often  is  it  advisable  to  test  the  accuracy  of  yonr  table  of  deviations  P 
A.    At  every  possible  opportunity. 

14.  State  briefly  what  yon  have  chiefly  to  guard  against  in  selecting  a  petition  lor  ^b» 
compass. 

A.  Elongated  iron,  especially  if  vertical,  such  as  stanchions,  davits,  capstan,  spindles, 
funnels,  ventilating  shafts,  &c.,  and  the  compass  should  be  as  far  removed  as  posrfble  from 
transverse  bulk  heads. 

15.  The  compasses  of  iron  ships  are  more  or  less  affected  by  what  is  termed  the  heeling 
error ;  on  what  courses  does  this  error  vanish,  and  on  what  conrses  is  it  the  greatest  P 

A.  It  vanishes  ween  the  ship's  h^ad  Is  East  or  Weet  by  compass,  and  is  greatest  when 
the  ship's  head  by  compass  is  North  or  South. 

16.  State  to  which  side  of  the  ship,  in  the  majority  of  cases,  is  tiie  NoiAh  point  of  the 
compass  drawn  in  the  Northern  hemisphere ;  and  what  effect  has  it  on  the  assumed  position 
of  the  ship  when  she  is  steeriog  on  Northerly,  and  also  on  Southerly  conrses  P 

A.  The  North  point  of  the  compass  is  drawn  to  the  windward  side  in  the  majority  Of 
cases.  The  effect  of  this  is  to  throw  the  ship  to  windward  of  her  supposed  position  on 
Northerly  courses,  and  to  leeward  on  Southerly  courses. 

17.  The  effect  being  as  yon  state,  on  what  courses  would  yon  keep  away,  and  on  what 
conrses  would  yon  keep  closer  to  the  wind,  in  order  to  make  gook  a  given  compass  course  P 

A.  Keep  her  away  on  Northerly  courses ;  but  keep  dose  to  the  wind  on  Southerly 
conrseb. 

1 8.  Does  the  same  rule  hold  good  in  both  hemispheres  with  reganl  to  the  heeling  error  P 

A.  No;  the  above  rules  are  generally  reversed  in  the  southern  hemisphere;  but  it  is 
recommended,  in  order  to  determine  it,  that  observations  be  made  in  every  ship. 

19.  Your  steering  compass  having  a  large  error,  how  would  yon  proceed  to  con«ct  that 
compass  by  compensating  magnets  and  soft  iron  in  order  to  reduce  the  error  within  manage- 
able limits  P 
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A.  Dnw  two  ohalk  lines  on  the  deck,  at  right-angles  to  one  another,  one  fore-and-aft 
and  one  athwartship,  intersecting  at  a  point  nnder  the  centre  of  the  compass. 

The  ship  hetng  perfectly  upright  bring  her  head  either  North  or  South  (correct  magnetic) ; 
then  place  a  magnet  athwartship  with  the  middle  of  its  length  exactly  on  the  fore-and-aft 
line  (either  before  or  abaft  the  compass),  and  the  N.  marked  end  (r$d  pole)  directed  to 
that  side  of  the  ship  towards  which  the  N.  end  of  the  needle  appears  to  be  drawn.  Move 
the  magnet  to  or  from  the  intersection  of  the  chalk  lines  until  the  compass  shows  correct 
magnetic  North  or  South,  and  fix  the  magnet  to  the  deck.  Now  bring  the  ship's  head  East 
or  West  (correct  magnetic),  place  a  magnet  on  the  deck  in  a  fore-and-aft  direction  (either 
on  the  p<»t  or  starboard  side  of  the  binnade),  the  middle  of  the  magnet  on  the  athwartship 
line  and  at  right-angles  to  it,  baring  the  N.  marked  end  {red  pole)  of  the  magnet  forward 
or  aft  according  as  the  N.  or  r$d  end  of  the  compass  needle  is  drawn  forward  or  aft.  Move 
the  magnet  to  or  from  the  compass  until  the  ship's  head  is  Bast  or  West  iy  the  eompaaa. 
This  adjustment  does  not  remain  perfect  when  the  ship  changes  her  latitude  owing  to  part 
of  the  deriation  being  caused  by  vertical  iron,  the  disturbing  power  of  which  varies  with 
change  of  position^it  may  be  oompensated  by  a  soft  iron  bar  placed  vertically  before  the 
compass  (see  pages  358-360). 

To  compensate  the  force  arising  from  the  inductive  magnetism  of  horizontal  iron  the 
ship's  head  is  brought  to  one  of  the  quadrantal  points,  via, : — N.E.,  S^E.,  8.W.,  or  N.W. 
(conrect  magnetic) ;  then,  if,  as  is  generally  the  case,  the  deviation  is  Easterly  when  the 
sbip's  head  is  N.E.  or  S.W.,  and  westerly  when  the  ship's  head  is  N.W.  and  S.E.,  place 
two  soft  iron  conectors,  one  on  the  port  side  and  the  other  on  the  starboard  side,  and  at 
equal  distances,  and  in  the  same  horiaontal  plane  as  the  compass ;  move  them  to  or  from 
the  compass  till  the  needle  points  correctly.  Otherwise,  the  compensation  may  be  efleoted 
by  means  of  two  brass  boxes  attached  one  on  e<ioh  side  of  the  binnacle,  which  are  filled 
with  soft  iron  chain  until  the  error  is  corrected  (see  page  361).  This  last  compensation 
remains  unaltered  by  change  of  ship's  geographioal  position. 

Non.— Oandidates  for  Masters'  Oertificates  are  now  required  to  draw  diagrams  stmilav 
to  those  which  follow,  showing  the  positions  in  which  the  bar  magnets  and  soft  iron 
correctors  are  placed,  as  described  in  answer  to  No.  19  Question;  also  to  show  the  position 
of  the  bar  magnet  which  compensates  the  heeling  error  alluded  to  in  No.  17  Question.  He 
must  also  write  a  short  description  of  the  diagrams.  The  Examiner  will  supply  a  flat 
pattern  of  a  ship  for  the  use  of  the  Oandidates. 

DESCRIPTION  AND  EXPLANATION  OF  DIAGRAMS. 

Figs.  114  and  125  are  diagrams  intended  to  show  the  method  of  compensating  for  semi- 
dronlar  deriation  caused  by  snb-permanent  magnetbm. 


Fig.  114- 


In  Fig.  ia4  the  ship's  head  is  placed  oorreot  magnetio  North.  Tha 
N.  marked  end  of  the  compass  needle  is  supposed  to  be  drawn  to 
starboard,  as  at  N'.  The  middle  of  the  magnef  s  length  is.  placed  on 
the  fore-and-aft  line,  the  N.  marked,  or  nd,  pole  toward  the  starboard 
ride,  and  is  moved  to  or  from  the  compass  until  the  N.  marked  end,  or 
red  pole,  of  the  magnet  repels,  and  the  other,  or  S.  end,  attracts  the 
N.,  or  red,  end  of  the  compass  needle  to  N.  The  magnet  is  then  fixed 
to  the  deck. 

(For  example,  where  the  N.  end  of  compass  needle  is  drawn  to  port, 
and  how  to  compensate  in  this  instance,  see  Fig.  91,  page  360). 
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Fig.  125. 


In  Fi^.  115  the  ship's  head  is  placed  (correct 
magnetic)  East.  The  N.,  or  red,  end  of  the 
compass  needle  is  drawn  towards  the  bow,  K'  in 
Fig.  T  25.  The  centre  of  another  magnet  is  placed 
on  the  'thwartship  line,  with  the  N.  marked,  or 
rsdy  end  towards  the  bow,  and  is  moved  to  or 
from  the  compass  nntil  the  N.,  or  redj  end  of  the 
magnet  repels,  and  the  other,  or  S.  (Mm),  end 
attracts  the  N.,  or  red,  end  of  the  compass  needle  back  to  K. 

(When  K.  end  of  needle  is  attracted  towards  the  stem,  and  how  it  is  compensated,  see 
Fig.  91,  page  360). 

Fig.  126.  Fig.  126  is  a  diagram  intended  to  show  the  method 

of  compensating  for  qnadrantal  deviation  arising  from 
induced  magnetism  in  horizontal  soft  iron.  In  this  in- 
stance it  is  placed  N.E.,  correct  magaetic,  and  the  posi- 
tion of  the  soft  iron  correctors  on  the  port  and  starboard 
sides  to  compensate  a  pontive  qnadrantal  deviation,  that 
is,  the  qnadrantal  deviation  of  almost  every  ship,  vis., 
BaaUrly  in  the  N.E.  and  S.  W.  quadrants,  and  WetUrlf 
in  the  N.W.  and  S.E.  quadrants.  In  the  very  unuraal 
case  where  the  deviation  is  Westerly  on  N.E.  and  8.W. 
points,  or  Easterly  on  the  S.E.  and  N.W.,  and  large,  the 
correctors,  or  chain  boxes,  should  be  placed  on  the  fore- 
and-aft  eods  of  the  binnacle  (see  page  360). 

Although  a  ship's  compasses  may  be  corrected  by  the  above  methods,  they  can  only  be 
depended  npon  so  long  as  she  remains  upright.  Besides  the  ordinary  deviation  of  the 
compass  there  is  a  deviation  caused  by  the  heeling  of  iron  ships,  which  may  increase  or 
decrease  the  deviation  observed  when  the  ship  is  upright.  The  heeling  error  arises  partly 
from  the  transverse  iron  (such  as  beams)  becoming  magnetic,  partly  on  vertical  force  arising 
from  sub-permanent  magnetism,  combined  with  Uiat  from  vertical  induction  in  vertical  soft 
iron.  The  mechanical  correction  of  the  heeling  error  is  made  by  a  magnet  placed  in  a 
vertical  position  immediately  below  the  centre  of  the  oompass  card.  The  ship's  head  is  to 
be  placed  North  and  South,  correct  magnetic;  she  is  then  heeled  over  about  loP  to  port  and 
to  starboard,  and  Uia  magnet  raised  or  lowered  until  the  compass  points  correctly.  In  the 
majority  of  cases  it  is  found  that  in  the  Northern  hemisphere  the  North  end  of  the  compass 
needle  is  drawn  to  the  highest  side  of  the  ship,  while  in  the  Southern  hemisphere  the  South 
end  of  the  compass  needle  is  drawn  to  the  highest  side.  Oare  must  be  taken  to  have  the 
N.  or  8.  end  uppermost,  according  as  the  N.  or  S.  end  of  the  compass  needle  is  drawn  to 
the  highest  side  of  the  ship. 

Fig.  127. 


In  Fig,  127  the  ship's  head  is  placed  correct  magneUe 
North,  and  shows  the  effect  upon  the  compass  when  the 
'ship  heels  to  port  in  the  Northern  hemisphere,  the 
North  end  of  the  compass  needle  being  attracted  to  the 
highest  side  of  the  ship ;  the  ma^^et  with  its  North  end 
uppermost  repels  the  North  end  of  the  oompass  needle, 
and  attracts  the  South  end,  and  brings  the  needle  to  its 
proper  position  (see  page  363). 
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EXAMINATION  PAPER— No.  H. 
FOB  SECOND  MATE. 
I.    Multiply  50030  by  800^  and  41375  by  48,  by  oommon  logarithms, 
a.    Diyide  273864  by  9*1288,  aod  900009  by  9,  by  oommon  logarithms, 
3  — 


H. 

OoQTset. 

K 

A 

Winds. 

Lee- 
way. 

Deviation. 

Bemarks,  &o. 

»3 

"3 
II 

10 
10 

N. 
E.N.B. 

pis. 

i 

II' E. 
9-B. 

Apoint,lat.47»3i'N., 
long.52»33'W.,  bearing 
by  compass  W.S.W., 
dist  18  miles.  Ship's 
headS.E.byE.  De- 
yiation  as  per  log. 

II 
8 
9 

S.B.  by  S. 

I 

17*  E. 

9 

I 

6 
6 

S.E. 

'i 

15*  B. 

Variation  28*  W. 

7 
5 

I 

6 

7 
7 
7 
7 

E. 
B.byN. 

a 

7'E. 
8*E. 

A  onrrent  set  S.  by  E. 
(oorreot  magnetic)  is 
mUes,  from  the  time  the 
departure  was  taken  to 
the  end  of  the  day. 

4.  1887,  February  isi,  in  longitude  78*  14'  E.,  the  obserred  meridian  altitude  of  sun's 
L.I1.  was  7^  4'  lo*,  bearing  South,  index  enror  +  55'$  height  of  eye  la  feet:  required  the 
latitude. 

5.  In  latitude  75**  30'  N.,  the  departure  made  good  was  390*1  miles:  required  the 
difference  of  longitude  by  parallel  sailing. 

6.  Bequired  the  course  and  distance  from  A  to  B,  by  calculation  on  Mercator's  principle. 

Latitude  of  A    15^55' S.  Longitude  of  A    5*44' W. 

Latitude  of  B    55  59  S.  Longitude  of  B  67  16  W. 

7.  1885,  February  8th :  find  the  time  of  high  water  a.m.  and  p.m.  at  Filey  Bay,  Milford 
Haven,  Oromarty ,  Penzance,  and  Calcutta,  longitude  88^  E. 

8.  1 887,  February  aoth,  at  6^  9"  p.m.,  apparent  time  at  ship,  latitude  1 1**  58^  8.,  longitude 
179®  4a'  E.,  sun's  bmring  by  eompass  S.W.  by  W.  ^  W. :  required  the  true  amplitude  and 
error  of  compass ;  and  supposing  the  variation  to  be  lo**  ao"  E. :  required  the  deviation  of 
the  compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  i837»  February  loth,  a.m.  at  ship,  latitude  50**  48'  N.,  observed  altitude  sun's  l.l. 
9*  10'  50*,  index  correction  —  3'  ao',  height  of  eye  1 8  feet,  time  by  chronometer  February 
9<  9^  59*  a5*,  which,  on  January  loth,  was  34"*  i%^fait  for  mean  noon  at  Qreenwich,  and 
h»mg  1^*8  daily :  required  the  longitude  by  chronometer. 

XXI 
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ADDITIONAL  FOB  ONLY  AND  FIB8T  MATES. 

10.  1887,  February  i6th,  a.k.  at  Bhip,  latitude  51^  s'  N.,  longitude  140^  34'  W.,  the 
Bun's  bearing  by  compass  S.  36^  tcf  E.,  observed  altitude  sun's  l.l.  7"  i^  40*,  index 
correction  —  6'  ro',  height  of  eye  15  feet,  when  a  chronometer  showed  February  i6'5^59'"5i*» 
mean  time  at  Greenwich :  required  the  true  azimuth  and  error  of  the  compass  from  the 
altitude,  and  also  from  **Time  Azimuth  Tables;"  and  supposing  the  variation  to  be 
15**  W. :  required  the  deviation  for  the  position  of  the  ship's  head. 

11.  1887,  February  15th,  a.k.  at  ship,  latitude  account  $$""  59'  8.,  longitude  54*  iS*  E., 
observed  altitude  of  sun's  l.l.,  North  of  observer,  was  46**  a  2'  10%  index  oonreotion  —  1'  50% 
height  of  eye  19  feet,  time  by  chronometer  February  14'  tc^  5*,  which  was  3"*  a'l*  Uow  on 
mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

12.  1887,  February  3rd,  a.m.  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  February  t^  lo^*  9>"  2*  M.T.G.,  observed  altitude  sun's  l.l.  19^  50';  again,  p.if.  at 
ship  same  day,  when  chronometer  showed  February  a'  i5*>  39™  53*,  obs.  alt.  sun's  l.l. 
1 1^  5',  height  of  eye  1 8  feet,  the  ship  having  made  36  miles  on  a  troe  E.  \  N.  course  in  the 
interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the  diip's 
position  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming  the  ship  to 
be  between  the  latitudes  47**  10'  N.  and  47**  40'  N. 

CTOLONES,  OE  REVOLVING  STORMS. 

I.  The  direction  of  the  wind  in  a  cyclone  is  North,  state  the  probable  bearing  of  the 
oentre  firom  the  ship  in  the  Northern  hemisphere. 

a.  And  suppose  that  the  wind  during  the  passage  of  the  same  cyclone  was  found  to 
ehange  to  N. W.,  what  would  be  the  ship's  position  with  referenoe  to  the  line  of  progrefsion 
of  the  centre  of  the  cyclone,  and  what  aotion  would  yon  take  P 

3.  Under  what  conditions  would  the  change  in  the  direction  of  the  wind  in  the  cyolone 
be  the  reverse  of  the  above  P 

4.  What  are  the  usual  iadioationi  of  a  ship  being  on  the  line  of  pvogresaion  of  the 
centre  of  a  ojrolone  P 

5.  What  are  the  usual  indications  that  the  ship  is  (a)  approaching  the  centre  of  a 
cyclone  P  (b)  receding  from  it  P 

6.  Describe  the  track  usually  taken  by  cyclones  in  the  West  Indies,  and  state  the 
seasons  of  the  year  in  which  they  most  frequently  occur  in  that  region. 

CHART  WORK  FOR  ONLY  AND  FIRST  MATE. 
Usmg  outline  JEnglith  Channel  Chart  (Moffmiie),    Var.  i8*W. 

I.  XTsing'Deviation  Card  No.  I,  find  the  oouiie  to  steer  by  compass  from  (A)  the  Needlea 
to  (B)  Cape  Barfleur,  also  the  distance. 

II.  With  the  ship's  head  on  the  above  compass  course  (0)  Ohristchuroh  bore  by  compass 
N.  by  W.  i  W.,  also  (D)  St  Catherine's  Point  bore  S.E.  by  E.  |  E.  by  the  same  compass: 
find  the  ship's  position. 

III.  With  the  ship's  head  on  the  above  compass  course  (E)  St.  Catherine's  Point  bore 
by  compass  E.  by  S.  ^  S.,  and  after  continuing  tiie  same  course  15  miles  it  bore  N.E.  i  R : 
find  the  position  of  the  ship  and  her  distance  from  E  at  the  second  observation. 

ADDITIONAL  FOR  MASTER. 

IV.  Find  the  course  to  steer  by  compass  from  the  Needles  to  Cape  Barfieur  (see  Ques- 
tion I)  to  counteract  the  effect  of  a  current  which  set  S.W.  (true)  at  the  rate  of  2}  miles 
per  hour,  the  ship  making  by  log  8  miles  per  hour;  also  the  distance  the  ship  would  make 
good  in  4  hours,  and  in  i  hour  towards  Cape  Barfieur. 

V.  1885,  February  9th,  a^  6^  a3">  p.m.,  mean  time  at  ship,  being  off  Cape  Barfleur,  took 
a  cast  of  the  lead :  required  the  correction  to  be  applied  to  the  soundings. 

13.  1887,  February  lath,  the  observed  meridiiin  altitude  of  star  Procyon,  South  of 
observer,  was  77**  18'  lo',  index  correotion  + 19',  height  of  eye  16  feet :  required  the  latitude. 
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la  the  following  t^ble  giTo  th«  oQrreot  magaetie  beariBg  of  the  dUtuit  objeet,  and  thence 
the  deviation : — 

Correct  magnetic  bearing. 


Ship's  Head 

Standard 
Oompass. 

Bearing  of 

Distant  Object 

by  Standard 

Oompass. 

Dcmation 
Bequired. 

Ship's  Head 

Standard 
Oompass. 

Bearing  of 

Distant  Objeot 

by  >tandud 

Oompass. 

Deviatioa 
Beqaired. 

North  .... 

N.E 

'     East 

8.E 

8.34'E. 
8.  58  E. 
8.  62  E. 
8.52  B, 

Sonth  .... 

8.W 

West    .... 
N.W 

8.  31  E. 
8.  17  E. 
8.  15  E. 

With  the  deviation  as  aboTe,  give  the  courses  you  would  steer  by  the  Standard  Compass 
to  make  the  following  courses  correct  magnetic. 

Correct  magnetic  courses :— N.E.  by  E.  }  E. ;  W.  }  8. ;  W.  ^  N.  ^  E.  by  8.  \  8. 

Compass  courses : — 

Snpposing  you  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  made  from  the  above  deviation  table. 

Compass  courses :— W.  by  N.  J  N. ;  N.E.  }  N. ;  8.W.  J  8. ;  8.E.  by  8. 

Magnetic  courses  :— 

You  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  W.  \  8.,  find  the  bearings,  correct  magnetic. 

Oompass  bearings : — N.  79**  W.  and  8. 19*'  W. 

Bearings,  magnetic : — 

EXAMINATION  PAPER— No.  HI. 
FOB  SECOND  MATE. 
I.    Multiply  3914  by  600,  and  8497*5  by  24*4,  by  oammon  logaritkas^ 
a.    Divide  666-666  by  8  88,  and  33333333  by  67420,  by  ooauDon  logarithms. 
3—  


H. 

Courses. 

K. 

A 

Winds. 

Lee. 
way. 

DeviaHon. 

Remarks,  9k. 

8.S.E. 

"0-_L 

p^. 

^0  "m 

A  ^^i—L  r— 1_«,   ^_ovr 

8.8.  W.  \  W. 

2 

W.S.W. 

10 

II 

12 

W.JN. 

East. 

E.8.E. 

10 

II 

5 

12 

Digiti: 


zed  by  Google 


42&  Ordma/ry  Saeamination. 


4.  1S87,  ICaioh  2oih,  in  longfitade  l^2'*  iS'  W.,  the  oha.  mer.  alt.  of  the  nm's  LX.  was 
89'  37',  beariog  North,  index  error  +  4'  27',  height  of  eye  18  feet :  required  «he  latitude. 

5.  In  latitude  86<'  36'  8.,  the  departure  made  good  was  246*75  miles:  required  the 
di£EiBrenoe  of  longitude  by  Parallel  Sailing. 

6.  Bequired  the  course  and  distance  from  A  to  B,  by  calculation  on  Mercator's  principle. 

LaUtude  of  A  34<>  28'  S.  Longitude  of  A  1 8*  28*  E. 

Latitude  of  B  23     o  S.  Longitude  of  B  41  57  W. 

7.  1885,  March  4th,  find  the  time  of  high  water,  a.k.  and  p.k.,  at  Quilleboeuf,  HaTre^ 
Poole,  Yarmouth  Beads,  Lerwick,  and  Beaumaris. 

8.  1887,  March  6th,  at  s^  V  5>*  ^•>'*  apparent  time  at  ship,  in  latitude  52*  12'  K., 
longitude  1 38*  54'  W.,  sun's  bearing  by  compass  W.  by  S. }  S. :  required  the  true  amplitude 
and  error  of  compass;  and  supposing  the  variation  to  be  24^  E. :  required  the  deviation  of 
the  compass  for  the  position  of  the  ship's  head  at  the  time  of  obsenration. 

9.  1887,  March  3  ist,  a.m.  at  ship,  latitude  26''  9'  N.,  observed  altitude  sun's  l.l.  29*  19'  30% 
index  correction  ^  9'  lo*,  height  of  eye  26  feet,  time  by  chronometer  31^  o>^  4»  50*,  which, 
on  December  31st,  1886,  was  i^  2»  55*'8/a«<  for  mean  noon  at  Greenwich,  and  gmning  p'% 
daily :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  PIBST  MATES. 

10.  r887,  March  loth,  a.m.  at  ship,  latitude  42<>  41'  8.,  longitude  147°  4''  ^  the  sun's 
bearing  by  compass  8. 108*  37'  E,  observed  altitude  sun's  l.l.  17*  57'  40',  index  correction  o^ 
height  of  eye  19  feet,  when  a  chronometer  showed  March  ^^  9*^  ^y^  5*  mean  time  at  Green- 
vKoh :  required  the  true  aaimuth  and  error  of  the  compass  from  altitude,  and  also  from 
<<Time  Aaimuth  Tables;"  and  supposing  the  variation  to  be  io<>  50'  E.:  required  the 
deviation  for  the  position  of  the  ship's  head. 

11.  1887,  March  25th,  p.k.  at  ship»  latitude  by  account  20**  i'  N.,  longitude  89^  10'  E., 
the  observed  altitude  of  ttie  sun's  l.l..  South  of  the  observer,  was  71®  6'  30*,  index  oorreo- 
tion  +  3'  V^9  height  of  eye  18  feet,  time  by  chronometer  March  24'  i8*>  22*,  which  was 
2»  i9"/a<<  on  mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

12.  1887,  March  27th,  a.m.  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  March  27^  loi"  26^  24*  M.T.G.,  observed  altitude  sun's  l.l.  36*  38'  50';  again,  p.m. 
at  ship  same  day,  when  chronometer  showed  March  27^  16^  37"^  10%  observed  altitade  sun's 
L.L.  15®  15'  10*,  height  of  eye  22  feet,  the  ship  having  made  28  miles  on  a  true  S.  \  E.  course 
in  the  interval :  required  the  line  of  bearing  when  tiie  first  altitude  was  taken,  and  the 
ship's  position  by  Sumner^s  Method  when  the  second  altitude  was  observed,  assuming  the 
ship  to  be  between  the  latitudes  51'  30'  N.,  and  51^  o'  N. 

OHABT  WOBK  POB  ONLY  AND  PIBST  MATES, 
Utmjf  JBngUth  Okamia  Ghari  ("MofffttUc).    Ybx.2i^W. 

I.  Using  Deviation  Card  No.  I,  find  the  course  to  steer  by  compass  from  East  Point  of 
Guernsey  to  Berry  Head. 

n.  With  the  ship's  head  on  the  above-named  compass  course  Hands,  West  Point  of 
Guernsey,  bore  by  compass  S.  28^  W.,  and  Casquets  bore  8.  82**  E.  by  the  same  compass : 
find  the  ship's  position. 

m.    With  the  ship's  head  as  above  Oasquets  bore  by  compass  N.  62®  E.,  and  after  con- 
tinuing on  the  same  course  12  miles  it  bore  8.  63**  E. :  find  the  position  of  the  ship,  and  her 
distance  from  the  Oasquets  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOB  MA8TEB. 

rV.  Find  the  course  to  steer  by  compass  from  the  East  end  of  Guernsey  to  Berry  Head 
(see  Question  I)  to  counteract  the  effect  of  a  current  which  set  E.  ^  8.  (magnetic)  at  the 
rate  of  3}  miles  per  hour,  the  ship  making  by  log  9  miles  per  hour;  also  the  distance  the 
ship  then  mskes  good  in  3  hours,  and  in  i  hour,  towards  Berry  Head. 

V.  1885,  March  loth,  3>>  42^  p.m.  mean  time  at  ship,  being  off  Torbay,  took  a  oast  of 
the  lead ;  required  the  correctioa  to  be  applied  before  comparing  the  soundings. 

13.  1887,  March  19th,  the  obs.  mer.  alt.  of  star  a  Bootis  {Areturm),  North  of  observer, 
was  36*  le'  20',  index  ooireotion  -^  2'  42%  height  of  eye  2e  fset :  requiied  the  Utitmde. 
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In  tbe  following  table  give  the  correct  magnetic  beaiing  of  the  distant  object,  and  thence 
the  deviation. 

Correct  magnetic  bearing. 


Ship's  Head 

BtanLrd 
OompaM. 

B«arinffof 

Distant  Object 

by  Standard 

Compass. 

Dttvlatioii 
Beqnired. 

Ship's  Head 

Stanoard 
Ccmpass. 

Bearing  of 

Distant  Object 

by  Standurd 

Compass. 

Deriation 
Bequired. 

Horth  •  •  • . 
N.E.    .... 
East     .... 
8.B 

S.67»E. 

East. 
N.  85  E. 
K.  87  E. 

South  .... 

B.W 

w est   » . • • 
N.W 

8.  72''R 
S.  46  E. 

8.  52  E. 

With  the  deviation  as  above,  give  the  courses  yon  would  steer  by  the  Standard  Oompaae 
to  make  the  following  courses  correct  magnetio. 

Correct  magnetic  courses :— K.E.  i  E. ;  8.W.  by  W. ;  W.  by  8. 1 8. ;  8.8  J!,  i  E. 

Compass  courses : — 

Supposing  yon  have  steered  the  following  conrses  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  made  from  the  above  deviation  table. 

Compass  courses :— S.E.  by  E.  i  E. ;  N.E.  by  E.  J  B. ;  N.W.  by  W.  I W. ;  N.N.W. 

Correct  magnetic  courses  :— 

You  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  ship's  head  at  K.  24^  E.,  find  the  bearings,  correct  magnetio. 

Compass  bearings:— W. }  S.  and  E.N.E. 

Bearings,  magnetio : — 

EXAMINATION  PAPEE— No.  IV. 
FOR  SECOND  MATE. 

1.  Multiply  12500  by  320*3,  and  145*544  by  500,  by  oonmion  logarithms. 

2.  Divide  100784*3  by  987*24,  and  8712360  by  80670,  by  common  logarithms. 
3— 


H. 

Courses. 

K. 

A 

Winds. 

Lee- 
way. 

Deviation. 

Remarks,  &c. 

S.W.  JW. 
K.iE. 

S.E. 

E.N.B. 

pts. 

0 

3i 

6«W. 
3-E. 

Apoint,lat.50"i2'S., 
long.  i79»4o'W.,  bear- 
ing  by  compass  N. }  W. 
dist.  19  miles.  Ship's 
head8.W.iW.  De- 
viation  as  per  log. 

10 
II 
12 

8.:byE.JE. 
W.byS. 

8.W.  i  W. 
8.byW, 

14*  W. 

Variation  I4«B. 

10 
II 

12 

E.N.E. 

S.B. 

*i 

I9*»B. 

S.8.W.  i  W. 

8.E. 

I* 

4»W. 

A  current  set  the  ship 
8.W.  i  W.,  (oorreot 
magnetic),  42  miles, 
from  the  time  the  de- 
parture was  taken  to 
the  end  of  the  day. 
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4.  1887,  April  lit,  in  longitude  82**  47'  W.,  observed  meridian  altitude  aun's  l-l.  waa 
48^  4a'  30*  bearing  South,  index  error  +  i '  4A  ^e\gU  of  eye  1 8  feet :  required  the  latitude. 

5.  In  latitude  86»  la'  N.,  the  departure  made  good  was  394-5  miles:  required  the 
difference  of  longitude  by  parallel  sailing. 

6.  Bequired  the  course  and  distance  from  A  to  B,  by  oalcuUiion  on  Meroator's  principle. 

Latitude  of  A    5i«»  9' 8.  Longitude  of  A    ia«»is'W. 

Latitude  of  B    42    o  N.  Longitude  of  B     17  14  W. 

7.  1885,  April  8th :  find  the  time  of  high  water,  a.m.  and  p.m.,  at  Bcrehous,  Blakeaey, 
Portree,  Llanelly,  Cardiff,  and  New  Boss. 

8.  1887,  April  28th,  at  3^  i4»  2- P.M.,  apparent  Ume  at  ship,  in  latitude  38<»  19'  S.,  longi- 
tude 88**  48'  E.,  sun's  bearing  by  compass  N.W.  by  W. :  required  the  true  amplitude  and 
error  of  compass ;  and  supposing  the  variation  to  be  19°  10'  W. :  reqaired  the  deviation  of 
the  compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1 887,  April  15th,  P.M.  at  ship,  latitude  37°  49  *^-»  observed  altitude  sun's  l.l.  26*  17'  30', 
index  correction  —  49',  height  of  eye  13  feet,  time  by  chronometer  15*  4**  a5"  3%  which,  on 
February  3rd,  waa  2»  zs*4fa»t  for  mean  noon  at  Ghreenwich,  and  losing  ii«*3  daily :  required 
the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLT  AND  FIBBT  MATES. 

10.  1887,  April  17th,  P.M.  at  ship,  latitude  39*  50'  N.,  longitude  i»  35'  E.,  the  sun's 
bearing  by  compass  West,  observed  altitude  sun's  l.l.  42*  10',  index  correction  —  45', 
height  of  eye  14  feet,  when  a  chronometer  showed  April  17*  2»»  43'»  25",  mean  time  at 
Greenwich :  required  the  true  azimuth  and  error  of  the  compass  from  the  altitude,  and  a^so 
from  *'  Time  Azimuth  Tables ; "  and  supposing  the  variation  to  be  19^  50'  W. :  required 
the  deviation  for  the  position  of  the  ship's  head. 

11.  1887,  April  19th,  A.M.  at  ship,  latitude  by  account  46'  15*  N.,  longitude  i78«  12'  B., 
observed  altitude  sun's  lui...  South  of  observer,  54''  7',  inden  correction  +  2'  12',  height  of 
eye  20  feet,  time  by  chronometer  AprU  i8<»  1 1»»  40'",  which  was  2«  16*  fast  on  mean  time  at 
Greenwich :  reqiiired  the  latitude  by  reduction  to  meridian. 

12.  1887,  April  6th,  P.M.  at  ship,  and  uncertaia  of  my  position,  when  a  chronometer 
showed  April  6^  i»»  17"  25*  M.T.G.,  observed  altitude  sun's  l.l.  45''  7'  10*;  again,  p.m.  at 
ship  same  day,  when  chronometer  showed  April  6^  4»»  23«"  24%  observed  altitude  sun's  l.l. 
24^  52'  10*,  height  of  eye  18  feet,  the  ship  having  made  46  miles  on  a  true  W.  by  N.  course 
in  the  interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the 
ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming  the 
ship  to  be  between  the  latitudes  56^  20'  N.  and  50'  50'  N. 

OHABT  WOBK  FOB  ONLY  AND  FIB8T  MATES. 
Utinff  ouiUn$  Bngluh  Channel  f Magnetic)  Chart,    Vw.  '9^  W. 

I.  Using  Deviation  G^rd  No.  I,  find  the  course  to  steer  by  compass  from  the  Needles  to 
the  Start,  alao  the  distance. 

II.  With  the  ship's  head  on  the  above-named  compass  course  Ohristchuroh  bore  by 
compass  N.  16)^  W.,  and  Anvil  Point  light  bore  N.  89^  W.  by  the  same  compass :  find  the 
ship's  position. 

III.  With  the  ship's  head  as  above,  St.  Catherine's  light  bore  by  compass  S.  84^  E.,  and 
after  continuing  the  same  course  21  miles  it  bore  N.  73°  E. :  find  the  ship's  position  and 
distance  from  St.  Catharine's  light  at  the  time  of  Uking  the  second  bearing. 

ADDITIONAL  FOB  MASTEB. 

lY.  Find  the  course  to  steer  by  compass  from  the  Needles  to  the  Start  to  counteract 
the  effect  of  a  current  which  set  W.  i  N.,  magnetic,  at  the  rate  of  3  miles  an  hour,  the  ship 
making  by  log  9  miles  an  hour ;  also  the  distance  the  ship  would  make  good  per  hour 
tjowaida  the  Start. 

Y.  On  June  14th,  1885,  at  11^  29«  A.M.,  being  off  Portland  Breakwater  by  reckoning, 
took  a  cast  of  the  l^ad :  required  the  correction  to  be  applied  to  the  depth  obtained  by  the 
lead  line  before  comparing  it  with  the  depth  marked  on  the  chart. 

13.  1887,  April  12th,  the  observed  meridian  altitude  of  star  Spica,  South  of  observer, 
was  20"  58'  40*,  index  correction  -^  45*,  height  of  eye  25  feet :  required  the  latitude. 
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In  tike  following  table  give  the  correct  magnetio  hearing  of  the  distant  object,  and  thence 
the  deTialion  :^ 

Correct  magnelio  bearing. 


Ship's  Head 

Standard 
Gompaas.  - 

Bearing  of 

Distant  Objeot 

by  Standard 

Compass. 

Deviation 
Bequixed. 

Ship's  Head 

StanLurd 
Compass. 

Bearing  of 

Distant  Objeot 

by  Standard 

Compass. 

Deviation 
Beqnired. 

North.... 

N.B 

East 

S.E 

8.    4"'W. 
8.  27  W. 
8.  36  W. 
8.  30  W. 

South  .... 

8.W 

West    .... 
N.W 

8.    7*B. 
8.  33  B. 

I'  35  S- 
8.  22  £. 

With  the  deviation  as  above,  give  the  courses  you  would  steer  by  the  Standard  Compass 
to  make  the  following  courses  correct  magnetic. 

Correct  magnetic  courses :— E.8.E. ;  S.W.  }  W.;  N.  J  W. ;  E.  by  N.  }  N. 

Compass  courses : — 

Supposing  you  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  made  from  the  above  deviation  table. 

Compass  courses :— N.W.  by  N. ;  N.E.  J  N. ;  W.  by  8.  J  8. ;  N.  J  E. 

Correct  magnetio  courses : — 

Yon  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  E.  by  N.,  find  the  bearings,  correct  magnetic. 

Compass  bearings  :^N.W.  and  W.S.W. 

Bearings,  magnetic : — 

EXAMINATION  PAPER— No.  Y. 
FOB  SECOND  MATK 
I.    Multiply  10003  by  1 10,  and  1*986004  by  27380,  by  common  logarithms, 
s.    Divide  66889*2  by  99*7,  and  78*6332000  by  17320,  by  common  logarithms. 
3 — 


Courses.       E.  tV 


Winds. 


Lee- 


Deviation. 


Remarks,  &c. 
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4.  1887,  May  8th,  in  longitnde  105®  17'  W.,  the  ohg.  mer.  alt.  of  the  nm*s  lx.  was 
76®  3',  hearing  North,  index  error  —  i'  27%  height  of  eye  10  feet :  required  the  latitude. 

5.  In  latitude  84^  16'  N.  the  departore  made  good  was  500-25  miles:  required  the 
difference  of  longitude  by  Parallel  Sailing. 

6.  Beqnired  the  course  and  distanoe  from  A  to  B,  by  oaloulation  on  Mercator^s  prinoiple. 

Latitude  of  A  39*  39'  N.  Longitude  of  A  5 1*  5 1'  B. 

Latitude  of  B  27  27  N.  Longitude  of  B  33  33  E. 

7.  1885,  May  29th:  find  the  time  of  high  water,  A.K.  and  p.x.,  at  Loch  Ryan,  Tarn 
Point,  Berwick,  St.  Malo,  and  Dnngeness. 

8.  1887,  May  aist,  at  7»»  29-  i-M.,  apparent  time  at  ship,  in  latitude  45*  53*  S.,  longitude 
50**  39'  £.,  sun's  bearing  by  compass  N.E.  \  E. :  required  the  true  amplitude  and  error  of 
compass ;  and  supposing  the  variation  to  be  31^  50'  E. :  required  the  deviation  of  the  com- 
pass for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  May  22nd,  A.M.  at  ship,  latitude  43**  25'  N.,  observed  altitude  sun's  lj..  i%*  r, 
index  correction  +  47*,  height  of  eye  15  feet,  time  by  chronometer  21*  2i»»  6«  io»,  which, 
on  February  24th,  was  i2»-6  tUtw  for  mean  noon  at  Greenwich,  and  on  April  ist  was  2«  45" 
fati  for  mean  noon  at  (Greenwich :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOR  ONLT  AND  FIRST  MATES. 

10.  1887,  May  25th,  P.M.  at  ship,  latitude  41^  58'  N.,  longitude  96^  i'  W.,  the  sun's 
bearing  by  compass  N.  118**  30'  W.,  observed  altitude  sun's  l.l.  40®  40'  40*,  index  oorreo- 
tion  +  2'  15',  height  of  eye  12  feet,  when  a  chronometer  showed  May  25*  9^  53«  5i»  mean 
time  at  Greenwich :  required  the  true  azimuth  and  error  of  the  compass  from  altitude,  and 
also  from  **  Time  Azimuth  Tables ; "  and  supposing  the  variation  to  be  10*  30'  £. :  required 
the  deviation  for  the  position  of  the  ship's  head. 

If.  1887,  May  loth,  a.m.  at  ship,  latitude  by  account  28*  13'  8.,  longitude  iia®  15*  W., 
the  observed  altitude  of  the  sun's  L.L.,  North  of  the  observer,  was  43*  35*  ao',  index  ooireo- 
tion  —  6'  12*,  height  of  eye  19  feet,  time  by  chronometer  May  10^  8»»  o«  i6»,  which  was 
om  Ai^fasi  on  mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

12.  1887,  May  30th,  A.M.  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  May  29^  19^  2X»  15*  M.T.G.,  observed  altitude  sun's  l.l.  23^=*  42'  10';  again,  p.m. 
at  ship  same  day,  when  chronometer  showed  May  30*  2*»  7«  5%  observed  altitude  sun's  l.l. 
^6^*  45',  height  of  eye  15  feet,  the  ship  having  made  49  miles  on  a  true  West  course  in  the 
interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the  ship's 
position  by  Snmner^s  Method  when  the  second  altitude  was  observed,  assuming  the  ship  to 
be  between  the  latitudes  5o<>  o'  N.  and  50  30'  N. 

CHART  WORK  FOR  ONLY  AND  FIRST  MATES. 
Using  OtriKne  Chart  (MagnHkJ  TSngltMh  Channel, 
I.    Using  Deviation  Card  No.  I,  find  the  course  to  steer  by  compass  from  (A)  the  Smalls 
to  (B)  Saltees  Lightship,  also  the  distance. 

11.  With  the  ship's  head  on  the  above-named  compass  oourse  St.  David's  Head  bore  by 
compass  E.  by  N.,  and  the  Smalls  S.E.  by  S. :  find  the  ship's  position. 

III.    With  the  ship's  head  as  above  St.  Ann's  Head  bore  by  compass  E.  by  N.  |  N.,  and 
after  oontinuing  on  the  same  oourse  xi  miles  it  bore  E.  }  S. :  find  the  position  of  the  ship, 
and  her  distance  from  St.  Ann's  Head  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOR  MASTER. 

lY.  Find  the  course  to  steer  by  compass  from  the  Smalls  to  the  Saltees  Lightvessel 
(see  Question  I)  to  counteract  the  effect  of  a  current  which  set  South  (correct  magnetic)  at 
the  rate  of  2  miles  per  hour,  the  ship  making  by  log  7  miles  per  hour ;  also  the  distanoe  the 
ship  would  make  good  in  3  hours  towards  the  Saltees  Lightvessel. 

y.  1885,  May  8th,  at  2^  12*  p.m.  mean  time  at  ship,  took  a  cast  of  the  lead  off  the 
Smalls :  required  the  correoUon  to  be  applied  to  the  soundings. 

13.  1887,  May  loth,  the  observed  meridian  altitude  of  star  Spica,  North  of  observer, 
was  7^  10'  25%  index  correction  -|-  4>%  height  of  eye  22  feet :  required  the  latitude. 
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In  the  following  table  give  the  correct  magnetic  bearing  of  the  distant  object,  and  thence 
the  deriation. 

Correct  magnetic  be«ring. 


Ship's  Head 

Standard 
Oompaaa. 

Bearinjcof 

Distant  Objeot 

by  Standard 

Oompass. 

Deviation 
Beqaired. 

Ship's  Head 

StanLrd 
Oompasa. 

Bearing  of 

DistantOhjeot 

by  Standard 

Clompaas. 

Deviation 
Beqnired. 

North  .... 

N.E 

East 

S.K 

East. 
8.  78<»E. 
8.  70  E. 
8. 71  E. 

South  .... 
S.W.    .... 
West    .... 
N.W 

N.  85OB. 
N.  63  E. 
N.  64  E. 
N.74E. 

With  the  deviation  as  above,  give  the  courses  yon  would  steer  by  the  Standard  C!ompass 
to  make  the  following  courses  correct  magnetic. 

Correct  Magnetic  courses :— N.N.E.  |  E.;  N.  84'  W.;  8.  7»«»  B. ;  S.W.  by  W.  i  W. 

Compass  courses : — 

Supposing  yon  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  made  from  the  above  deviation  table. 

Compass  courses:— N.N.W.  i  W.;  N.  64**  E.;  S.E.  J  E.;  8.  39**  W. 

Correct  magnetic  courses  :— 

You  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above;  with  the  ship's  head  at  8.  87**  K,  find  the  bearings^  correct  magnetic. 

Compass  bearings :*8. 15*  W.  and  N.  72®  W. 

Bearings^  magnetic  :— 

EXAMINATION  PAPER-No.  YI. 

FOR  SECOND  MATE. 
I .    Multiply  987  by  543,  and  x a* T9 1 1 8  by  510000,  by  common  logarithms. 
a.    Divide  96376678a  by  746ai03,  and  999999  by  loioi,  by  common  logarithms. 
3-— 


Courses. 


K. 


Winds. 


8.  by  E. 
8.  by  W. 
8.W.  by  W. 
8.  by  E. 
8.  by  E. 
E.  by  8. 


Lee- 
way. 


pts. 


Deviation. 


•E. 


»E. 


»B. 


•E. 


W. 


►E. 


Remarks,  ftc 


Apoint,lat.56*ia'N. 
longitude  135*  40' W., 
beanng  bv  compass 
WJ3.W.,  dist.  a3  miles. 
Ship's  head  E.  by  8. 
Deviation  as  per  log. 


Variation  25*  E. 


A  current  set  N.  by 
W.  J  W.  (correct  mag- 
netic}, 16  miles  from 
the  time  the  departure 
was  taken  to  the  end  of 
the  day. 


KKK 
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4.  i887»  Jane  iit,  ia  longfitnde  96"  17*  E.,  the  obs.  mer.  alt.  of  the  eon*!  l.l.  wm 
75^  38'  15%  bearing  North,  index  error  4-  27%  height  of  eye  26  feet:  required  the  latitude. 

5.  In  latitude  7  3^  a  i'  S.  the  departure  made  good  was  59*75  miles :  reqaired  the  differenoe 
of  longitude  by  Parallel  Sailing. 

6.  Beqvired  the  couxae  and  diatanoe  firom  A  to  B,  by  caloolaition  on  llaroator^s  principle. 

Lat.ofA   3<»i9'N.  Long,  of  A   7 1*41' W. 

Lat.  of  B  33    a  8.  Long,  of  B  laa  ao  W. 

7.  1885,  J^uio  ^^ '  ^^^  ^0  ^^^^  ^^  ^8^  water,  a.k.  and  p.k.,  at  Cardigan,  Bridgewater 
Bar,  Jersey,  Littlehampton,  and  Bombay,  longitude  73°  E. 

8.  1887,  June  aist,  at  9^  i6»  p.m.,  apparent  time  at  ship,  in  latitude  59°  51'  N.,  longi- 
tude 64*  43'  W.,  sun's  bearing  by  oompass  K.  }  E.:  required  the  true  amplUnde  and 
error  of  oompass;  and  supposing  the  variation  to  be  5a*  ^d  W. :  required  the  deviation  of 
the  oompass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  June  14th,  P.M.  at  ship,  latitude  a**  a'  S.,  observed  altitude  sun's  lx.  28*  38*, 
inde^K  correotion  -{-  48',  height  of  eye  la  feet,  time  by  chronometer  14'  13^  3™  i8«,  which, 
on  April  ist,  was  a^^  28™  19**7  /cut  for  mean  noon  at  Qreenwioh,  and  on  April  3otli  was 
was  a^  a4«  t^^/att  for  mean  noon  at  Greenwich:  required  the  longitude  by  ohronometer. 

ADDITIONAL  FOR  ONLY  AND  FIB8T  MATES, 
xo.  1887,  June  15th,  ▲.K.  at  ship,  latitude  34*  16'  S.,  longitude  49®  9'  E.,  son's  bearing 
by  oompass  E.  ^  N.,  observed  altitude  sun's  l.l.  la^  43'  50^,  index  ooRectlon  —  i'  aa', 
height  of  eye  s6  feet,  when  a  ohronometer  showed  June  i^*  l^^  6^  541  mean  time  at 
Greenwich:  required  the  true  asimuth  and  error  of  the  compass  from  altitude,  and  also 
firom  **  Time  Asimuth  Tables ; "  and  supposing  tha  variation  to  be  34**  40'  W. :  required 
the  deviation  for  the  position  of  the  ship's  head. 

11.  1887,  June  5th,  P.M.  at  ship,  latitude  by  aooount  61®  58*  N.,  longitude  155*  at'  E., 
the  observed  altitude  of  the  sun's  l.l..  South  of  the  observer,  was  49®  50'  30',  index  oorxec- 
tion  4-  a'  lo*,  height  of  eye  21  feet,  time  by  chronometer  June  4^  14^  20*  8%  which  was 
6«  ^foit  on  mean  time  at  Gceanwidh :  reqnired  the  latitnde  by  xednotion  to  meridian. 

12.  1887,  June  30th,  ▲.M.  at  ship,  and  nnoeitain  of  my  position,  when  a  oluonomater 
showed  June  29^  11^  44"*  8*  M.T.G.,  observed  altitude  sun's  l.l.  6a*  47'  40^;  again,  p.m.  at 
ship  same  day,  when  chronometer  showed  June  39'  16^  42^  34%  observed  altitude  sun's  h.u 
3cP  3'  40*,  height  of  eye  ai  feet,  the  ship  having  made  ai  miles  on  a  true  NJBS.  by  E.  ^  E. 
course  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and 
the  ship's  position  by  Sunmer's  Method  when  the  second  altitude  was  observed,  assuming 
the  ship  to  be  between  the  latitudes  49^  40'  N.  and  50*  N. 

OHAET  WORK  FOR  ONLY  AND  FIRST  MATES. 
Otalm$  (Drue)  Sn^Ksh  Channel  Chart.    Yar.  i^"*  W. 

L  Using  Deviation  Card  No.  I,  find  the  course  to  steer  by  oompass  firom  Cape  La  Have 
to  Gape  Barfleur;  also  the  distance. 

II.  With  the  ship's  head  on  the  above-named  compass  course,  Gape  Baifleur  bora  by 
oompass  S.S.E.  f  E.,  also  Gape  La  Hague  bore  W.  1 8.  by  the  same  compass :  find  the 
ship's  position. 

ni.    With  the  ship's  head  as  above  Gape  de  D'Antifer  bore  by  oompass  N.E.,  and  after 
continuing  the  same  course  19  miles  it  bore  E.  }  N.:  find  the  ship's  position,  and  the 
distance  firom  Gape  Baifleur  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOR  MASTER. 

lY.  Find  the  course  to  steer  by  oompass  horn  Gape  La  Have  to  Gape  Baiflenr  to 
counteract  the  effect  of  a  current  which  set  N.W.  by  W.  ^  W.  (magnetic)  at  the  rate  of 
3  miles  an  hour,  the  ship  making  by  log  10  miles  an  hour;  also  the  distance  the  ship  would 
then  malce  good  in  3  hours,  and  in  i  hour,  towards  Gape  Barflenr. 

:    Y.    1885,  June  3td,  at  xoi*  4»  p.m.,  off  Gape  Barfleur,  took  a  oast  of  the  lead:  required 
the  ooireotiom  to  be  applied  before  comparing  with  soundings. 
.    13.    1887,  June  ixth,  the  observed  meridian  altitude  of  star  PoQux,  North  of  ob 
.was  48**  40'  24%  index  correotion  —  1'  3a',  height  of  eye  ao  feet :  re^oind  the  latitude. 
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In  the  following  table  giro  the  oorreot  magnetie  bearing  of  the  distant  objeet,  and  thence 
the  deriation. 

Correct  magnetic  bearing. 


8bip*8Head 

Standard 
Compaat. 

Bearing  of 

BistantObjeot 

by  Standard 

Oompaas. 

Deriation 

Ship's  Head 

Standard 
CompaflB. 

Bearing  of 

DiatantObjeot 

by  Standard 

Oompaas. 

Deriation 
Bequired. 

North     .... 

N.B. 

Bart  

8.E.   

N.  89«W. 
8.  79  W. 
8.  6a  W. 
8.  s8  W. 

South     .... 

8.W 

West 

N.W 

8.  67OW. 
S.  75  W. 
N.  83  W. 
N.77  w. 

With  the  deTiation  as  aboTe,  give  the  oonrsee  yon  woald  steer  by  the  Standard  Compass 
to  make  the  following  courses  correct  magnetic. 

Comet  magnetic  courses :— N.W.  by  W. ;  S.W.  by  W.  J  W. ;  N.N.K ;  8.  by  W. 

Compass  courses  :— 

Supposing  yon  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  made  from  the  abo^e  deviation  taUei. 

Compass  courses :— N.  W.  by  N. ;  W.8.W. ;  S.  J  W. ;  8.B.  by  B.  i  B. 

Magnetic  courses  :— 

You  have  taken  the  follovdng  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  S.B.  by  8.,  find  the  beariogSy  correct  magnetio. 

Compass  bearings:— N.  |  W.  and  8.  73<'  W. 

Bearings,  ICagnetio :— 

EXAMINATION  PAPEE— No.  VH. 
FOB  SECOND  HATE. 

I.  Multiply  98400  by  6-$,  and  4*7084  by  1267*81,  by  common  logarithms, 
a.  Divide  242880  by  704,  and  680*056  by  '54421,  by  common  logarithms. 
3— 


H. 


Courses. 


K. 

iV 

6 

13 

Winds. 


ta  T»T     ^_-. 


Lee- 
way. 


Deviation. 


pis. 


Bemarks,  &o. 


k i—L  i«r   __o 
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4.  1887,  July  a6Ui»  in  long.  la^  19'  W.,  the  obs.  mar.  alt.  of  the  tim's  lx.  wm  15^  41', 
bearing  North,  index  error  —  3'  10',  height  of  eye  19  feet :  required  the  ktitade. 

5.  In  latitadea5«  20' S.,  the  departure  made  good  waa  389  milee:  required  the  diffinence 
of  longitude  by  parallel  Bailing. 

6.  Required  the  oonrae  and  difltance  from  A  to  B,  by  calcolation  on  Hercator^s  principle. 

Latitude  of  A    5o«i3'N.  Longitude  of  A      3»38'W. 

Latitude  of  B    37  48  N.  Longitude  of  B    25  10  W. 

7.  1885,  July  9th:  find  the  time  of  high  water,  A.U,  and  pjc.,  at  Noirmoutier,  Post 
NaTalo,  Bcdle  Isle,  Lynn  Deeps,  and  Madras,  long.  So"*  E. 

8.  1887,  July  lath,  at  5^  9>»  pjc,  apparent  time  at  ship,  in  latitude  29^  3'  S.,  longitude 
ax°  53'  W.,  sun's  bearing  by  compass  W.  by  N.  |  N. :  required  the  true  amplitude  and 
error  of  the  oompass ;  and  supposing  the  yariation  to  be  1 1*  ao'  W. :  required  the  deyiation 
of  the  oompass  for  the  position  of  the  ship's  head  at  the  time  of  obserration. 

'  9.  1 887,  July  1 7th,  P.M.  at  ship,  latitude  3 1*  3a'  S.,  obserTod  altitude  sun's  L.X..  t ^  2%'  lo', 
index  correction  +  5',  height  of  eye  16  feet,  time  by  chronometer  July  16^  22^  y^  49*,  which, 
on  June  6th,  was  9^  iTfast  for  mean  noon  at  Greenwich,  and  on  June  14th  was  S>  3a**6/Ml 
for  mean  noon  at  Greenwich :  required  the  longitude  by  chronometer. 

ADDinOKAL  FOB  ONLY  AND  FIRST  MATES. 

10.  1887,  July  4tb,  mean  time  at  ship  $^  39"  a*  a.u^  latitude  38*  10'  S.,  longitude 
78'  35*  W.,  sun's  magnetic  aiimuth  N.  19*  16'  E.,  observed  altitude  sun's  l.l.  ta*  16'  lo*, 
index  error  —  a'  38^",  height  of  eye  14  lioet :  required  the  true  aiimuth  and  error  of  the 
compass;  and  supposing  the  Taxiation  to  be  i?**  ao'  E.:  required  the  deviation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  the  observation  was  taken. 

iz.  1887,  July  3ist^  P.K.  at  ship,  latitude  by  account  45^  ^  S.,  longitude  83*  ta'  E., 
observed  altitude  sun's  I1.L.,  North  of  observer,  was  a6*  15'  10',  index  error  —  40',  height 
of  eye  19  foet,  time  by  watch  30^  2jf^  50%  which  had  been  found  to  be  ^6^  i6*  siow  on 
apparent  time  at  ship,  the  diiEsrence  of  longitude  made  to  the  W(M  since  the  error  of  watch 
on  app.  time  was  determined  was  14  miles :  required  the  latitude  by  reduction  to  meridian. 

la.  1887,  July  zst,  AJC  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  June  30^  19^  44a  50*  M.T.G.,  obs.  alt.  sun's  l.l.  30^*  2' ;  again,  a.m.  at  ship  same 
day,  when  chronometer  showed  June  30^  aai»  a"  5a*,  obs.  alt  sun's  l.l.  51°  o'  15*,  height  of 
eye  15  feet,  the  ship  having  made  2$  miles  on  a  true  JSagt  course  in  the  interval:  required 
the  line  of  bearing  when  the  first  altitude  was  taken,  and  the  ship's  position  by  Sumner^s 
Method  when  the  second  altitude  was  observed,  assuming  the  ship  to  be  between  the  lati- 
tudes 5 1»  o' N.  and  51°  40' N. 

CHART  WORK  FOR  ONLT  AND  FIRST  MATES. 
Unnf  Otttlim  Sn^Uih  Cfhtrnml  Ohari  [Mtfmtic).    Yar.  18''  W. 

I.  Using'  Deviation  Card  No.  I,  find  the  course  to  steer  from  Dungeness  to  Cape  de 
Oayeux,  also  the  distance. 

IL  With  the  ship's  head  on  the  above-named  compass  course  Dungeness  bore  by 
compass  N.  13*'  W.,  and  Yame  bore  N.  68jf»  B.  by  the  same  oompass :  find  the  ship's  position. 

III.  With  the  ship's  head  as  above  Beachy  Head  bore  by  compass  N.  56*  W.,  and  after 
continuing  the  same  course  2$  miles  it  bore  N.  t^  E. :  find  the  ship's  position  and  the 
distance  from  Beachy  Head  at  the  time  of  taking  the  second  bearing. 

ADDITIONAL  FOR  MASTER. 

rV.  Find  the  course  to  steer  from  Dungeness  to  Cape  de  Oayeux  to  counteract  the  effect 
«f  a  current  which  set  East,  magnetic,  at  the  rate  of  3  miles  per  hour,  the  ship  making  by 
log  10  miles  per  hour ;  also  the  distance  the  ship  would  then  make  good  in  a  hourly  and  in 
I  hour,  towards  Cape  de  Oayeux. 

Y.  1885,  July  13th,  at  i^  zaB  am.,  being  off  Dungeness  by  reckoning,  took  a  cast  of 
the  lead :  required  the  correction  to  be  applied  before  comparing  with  soundings. 

13.  1887,  July  6th,  the  observed  meridian  altitude  of  star  a  Soorpii  (Jbtiaret),  North  of 
observer^  was  70^  19'  50',  index  oorr.  —  9'  ao\  height  of  eye  a  i  feet :  required  the  latitude. 
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In  the  following  table  giro  the  correct  magnetic  bearing  of  the  distant  object,  and  thence 
the  deviations- 
Correct  magnetic  bearing. 


Ship's  Head 

StanLrd 
Compass. 

Bearing  of 

Distant  Object 

by  Standard 

Oomposs. 

Dewition 
Bequired. 

Ship's  Head 

Standard 
Compass. 

Bearing  of 

Distant  Object 

by  Standard 

Compass. 

Deviation 

North  .... 

N.E 

East 

8.K 

West. 
8.7a'W. 
8.  70  W. 
8.  8a  W. 

8outh  .... 
8.W.    .... 
West   .... 
N.W 

N.  8s<»W. 
N.7«W. 
N.  70  W. 
N.73W. 

With  the  deviation  as  aboye,  give  the  coorses  you  would  steer  by  the  Standard  Oompass 
to  make  the  following  courses  correct  magnetic. 

Correct  magnetic  courses  :—K  by  N.  I N.;  8.E.by  E.  JE.;  8.by  W.  JW.;  N.  I'B. 

Oompass  courses : — 

8apponng  you  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  coorses  made  from  the  above  deviation  table. 

Compass  courses:— W.  i""  8.;  N.  i  E.;  K.E.  by  E.  i  E.;  8 J!.  \  8. 

Magnetic  courses  :— 

You  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  N.W.  by  W.,  find  the  bearings,  correct  magnetic. 

Compass  bearings :— E.  \  8.,  and  E.  \  N. 

Bearings,  magnetic  :— 

EXAMINATION  PAPEE^No.  VIH. 
FOE  SECOND  MATE. 

1.  Multiply  777  by  999,  and  209*36  by  46,  by  common  logarithms. 

2.  Divide  mill  by  234,  and  1962820  by  10*04,  by  common  logarithms. 
3.— 


H. 

Courses. 

K. 

iV 

Winds. 

Lee- 
way. 

Deviation. 

Bemarks,  ftc. 

z 

2 

E.8.E. 

»4 
13 
«3 

Soutii. 

PU. 

28J*W. 

Apoint,lat.o«io'N., 

3 

4 
5 

8.E.byE.iE. 

'3 
II 

6 

10 

7 

II 

8 

10 

9 

II 

10 

East. 

II 

11 

10 

12 

II 

I 

II 

2 

10 

3 

II 

4 

8.E.byE.JE. 

10 

5 

II 

6 

B.  by  8.18. 
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4.  iS87y  Aui^iBt  lathy  in  longiiiide  9a**  la'  E.,  the  o\m,  mar.  alt  of  raa't  l.£.  'VM 
4a''  4a'  lo*,  bearing  North, index  error  —  a'  50',  height  of  eye  17  feet:  reqnised  the  Ulifeiide. 

5.  In  latitnde  $6^*  11'  S.,  the  depertiure  made  good  was  356  miles:  required  the 
difference  of  longitade  by  parallel  sailing. 

6.  Beqnired  the  course  and  distance  from  A  to  B,  bycalenlsiion  on  Hercatov^s  principle. 

Latitnde  of  A    75*'  la'  8.  Longitude  of  A  75*  30'  W. 

Latitnde  of  B    70  15  8.  Longitude  of  B  70  37  W. 

7.  1 885,  August  aoth :  find  the  time  of  high  water  a.m.  and  p.m.  at  Be  de  8ein,  Pensanoe^ 
Oban,  St.  lyes,  and  Cadiz. 

8.  1 887,  August  18th,  at  7^  a  an  p  jc,  apparent  time  at  ship,  latitude  57*  2^  8.,  loagitude 
104^  50'  E.,  sun's  bearing  by  compass  North :  required  the  true  smplitaide  and  error  of 
compass;  and  supposing  the  Tariation  to  be  37^  40'  W.:  required  the  dcTiation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  of  obserration. 

9.  1887,  August  7th,  P.M.  at  ship,  latitude  6*"  4'  N.,  obsenred  altitude  sun's  l.l.  a4'*  5', 
index  oorrectioa  -I-  i'  30',  height  of  eye  la  fiaet,  time  by  chronometer  August  6^  ao^  30*  36*, 
which,  on  Jaly  14th,  was  ^6^'ifut  for  mean  noon  at  (Greenwich,  and  on  July  aist  waa  lo* 
slow  for  mean  noon  at  Greenwich :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  FIBST  MATES. 

10.  1887,  August  31st,  P.M.  at  ship,  latitnde  36®  18'  S.,  longitude  119°  ao'  15'  W.,  the 
sun's  bearing  by  compass  N.W.  ^  W.,  observed  altitude  snn's  L.L.  24*"  47'  30*,  index 
correction  4-  >'  3o'>  height  of  eye  18  feet,  when  a  chronometer  showed  August  31'  1 1^  1 8"  5)% 
mean  time  at  Greenwich :  required  the  true  azimuth  and  error  of  the  compass  from  the 
altitude,  and  also  from  <*Time  Azimuth  Tables;"  and  supposing  the  variation  to  be 
9<*  50'  £. :  required  the  deviation  for  the  position  of  the  ship's  head. 

I  z.  1 887,  August  I  ith,  A.M.  at  ship,  latitude  by  account  39**  3'  S.».  longitude  157"  2$'  E., 
observed  altitude  of  sun's  L.L.,  North  of  observer,  was  34**  39'  50',  index  correction  —  a'  50% 
height  of  eye  la  foot,  time  by  chronometer  August  lo'  13^  5»  ao",  which  was  s^  10^ /tut  on 
mean  time  at  Ghreenwich :  lequired  the  latitnde  by  rednption  to  meridian. 

la.  1887,  August  loth,  A.M.  at  ship,  and  uncerta;in  of  my  position,  when  a  chronometer 
showed  August  9*  ai»»  8«  37*  M.T.G.,  observed  altitude  sun's  l.l.  38°  17';  again,  p.m.  at 
ship  same  day,  when  chronometer  showed  August  lo'  3*^  15'B  57%  observed  altitude  sun's 
L.L.  40°  10'  zj',  height  of  eye  18  feet,  the  ship  having  made  az  miles  on  a  true  N.E.  conrse 
in  the  interval :  required  Uie  line  of  bearing  when  the  first  altitude  was  taken,  and  the 
ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming  the 
ship  to  be  between  the  latitudes  49"  40'  N.  and  50"  o'  N. 

OHABT  WOEK  FOB  ONLY  AND  FIBST  MATES. 
OuUme  Bngliah  Ohamui  Chart  (Drm).    Yar.  ai*  W. 
L    Using  Deviation  Oard  No.  I,  find  the  course  to  steer  by  compass  from  TTay^pUf^  Point 
to  Trevose  Head,  also  the  distance. 

11.  With  the  ship's  head  on  the  above-named  oompass  course  Hartland  Point  bote  by 
compass  E.  by  N.,  and  Lnndy  Island  N.N.E.  by  the  same  compsas :  find  the  ship's  positbiu 

IIL  With  the  ship's  head  as  above  Hartland  Point  bore  B.  by  S.,  and  alter  continuing 
the  same  course  zo  miles  it  bore  E.N.E. :  find  the  position  of  the  ship  and  her  distance  from 
Hartland  Point  at  the  time  of  takizig  the  second  bearizig. 

ADDITIONAL  FOB  MASTEB. 

lY.  Find  the  conrse  to  steer  by  compass  from  Hartland  Point  to  Trevose  Head  (see 
Question  I)  to  counteract  the  effect  of  a  current  whioh  set  8.W.  by  W.  (magnetic}  at  the 
rate  of  3  zniles  per  hour,  the  ship  making  by  log  9  miles  per  hour;  also  the  ^isfamoe  the 
ship  wouM  then  make  good  in  a  hours  towards  Trevose  Head. 

Y.  Z885,  Augnst  Z9th,  at  1^  35"  A.K.,  off  Padstow  Island,  took  a  cast  of  the  lead :  re- 
quired the  correction  of  sounding. 

Z3.  Z887,  August  aoth,  the  obs.  mer.  alt  of  star  a  Aquiln  {Altair),  North  of  observer, 
was  66^  5z'  zo*,  index  oonection  -|-  58',  height  of  eye  Z3  feet :  required  the  latitudOi 
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In  the  following  table  gire  the  oorreet  magnetio  bearing  <^  the  distant  object,  and  thepce 
the  deviation  :*- 

Ck)rrect  magnetic  bearing. 


Ship's  Head 

Standard 
Ooinpass* 

Bearing  of 

Distant  Object 

by  Standard 

Ck>mpasa. 

Deriation 
Beqniied. 

Ship's  Head 

Standard 
Compass. 

Bearing  of 

DUtant  Object 

by  standard 

Compass. 

Deriation 
Required. 

North  .... 

N.E 

East 

S.E 

N.  14'E. 
N.13W. 
N.  2*  W. 
N.  19  W. 

South  ..«. 

S.W 

West  .... 
N.W 

N.    8»W. 
N.    ^E. 
N.  18K 
N.  21E. 

With  the  deyiatton  as  abore,  give  the  couraes  you  would  ateer  b|r  the  Standard  Oompasa 
to  make  the  following  coorsee  oorreet  magnelio. 

Correct  magnetic  oooraea :— N.W.  by  W. ;  S.E.  by  E.  f  B. ;  S.  i  W. ;  W.  by  S.  i  8. 

CSompaaa  conraea : — 

Supposing  yon  have  steered  the  following  eonraea  by  the  Standard  Compass,  find  the 
correct  magnetic  counaa  made  fiom  the  above  deviation  table. 

Compaaa  eonraea  :--N.E. ;  S.W.  jf  W. ;  N.  i  E. ;  E.  |  N. 

Magnetic  cooiaea  :— 

Yon  have  taken  the  following  beariaga  of  two  diatant  objeota  by  your  Standard  Oompaai 
as  above,  with  the  ahip'a  head  at  6.  f  W.,  find  the  beariaga,  correct  magnetic. 

Compaaa  bearinga: — ^E.  ^  N.  and  Soqth. 

Beariaga,  magnet  :-^ 

EXAMINATION  PAPEB-^No.  IX. 
FOB  SECOND  HATE. 
I.    Multiply  247*55  by  56*72,  and  '03948  by  0*1959,  ^7  oommoa  logarithmt. 


a.    Divide  69*75^5  by  975^4* 

aad  33348100  by  830000,  by  eoaimon  loganthma. 

3— 

H.          Conraea. 

K. 

A 

Wiada. 

Lee- 
way. 

Deviation. 

Bemarka,  4^o. 

ptj. 

10 
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10 
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10 

10 
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13 
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4.  1 887,  September  asrd,  in  longitade  1 33'  45'  B*f  the  obe.  mer.  alt.  of  the  son's  InL.  wm 
89**  49'  s^f  bearing  North,  index  error  —  52%  height  of  eye  a6  feet :  required  the  latitude. 

5.  In  latitude  69"*  54'  S.»  the  departure  made  good  was  209-6  miles:  required  the 
differenoe  of  longitude  by  Parallel  Bailing. 

6.  Bequired  the  course  and  distanoe  firom  A  to  B,  by  calculation  on  Mercator's  principle. 

Latitude  of  A  %$"  39'  ^*  Longitude  of  A  48*  19'  W. 

Latitude  of  B  34  28  8.  Longitude  of  B  18  28  E. 

7.  1885,  September  4th,  find  the  time  of  high  water,  A.M.  and  P.K.,  at  Aldemey,  Heliga- 
land,  Nienport,  Fowey,  Hastings,  and  Domook  Bead. 

8.  1887,  September  30th,  at  5^  45*  p.m.,  apparent  time  at  ship,  in  latitude  52*  30'  N., 
longitude  12*  10'  W.,  sun's  bearing  by  compass  N.W.  |  W. :  required  the  true  amjditode 
and  error  of  compass;  and  supposing  the  rariation  to  be  30®  28*  W. :  required  the  deviation 
of  the  compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  September  ist,  p.m.  at  ship,  lai.  9**  9'  N.,  observed  altitude  sun's  l.l.  62*  13'  14% 
index  correction  -{-  15',  height  of  eye  16  fee^  time  by  chronometer  August  31^  15^  34">  28*, 
which,  on  July  28th,  was  2">  io«  tiaw  tot  mean  noon  at  Greenwich,  and  on  August  12th  was 
i»  31*  flow  for  mean  noon  at  Greenwich :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  FIBST  MATES. 

10.  z  887,  September  1 6th,  mean  time  at  ship  8^  3«  1 8*  a.m.,  latitude  4^  22'  N.,  longitude 
81^  39r  W.,  the  sun's  bearing  by  compass  N.  93"  20' E.,  observed  altitude  sun's  l.l.  29'  30'  30% 
index  error  +  >'  >>%  httght  of  eye  20  feet :  required  the  true  aaimuth  and  error  of  the 
compass ;  and  supposing  the  variation  to  be  8^  20'  E. :  required  the  deviation  of  the  oom« 
pass  for  the  position  of  the  ship's  head  at  the  time  the  observation  was  taken. 

1 1.  1887,  September  23rd,  a.k.  at  ship,  latitude  by  acct  27'  32'  &,  longitude  168^  51'  E., 
the  observed  altitude  of  the  sun's  l.l.,  North  of  the  observer,  was  61^  59'  40^,  index  ooneo- 
tion  —  i'  50',  height  of  eye  1%  feet,  time  by  watch  22'  23^  io«  zo*,  which  had  been  f6und 
to  be  3i">  31*  9kw  on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the  East 
since  the  error  of  watdi  on  apparent  time  at  ship  was  determined  was  24**4 :  required  the 
latitude  by  reduction  to  meridian. 

12.  1 887,  September  9th,  a.m.  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  September  8^  161"  23»50*M.T.G.,  observed  altitude  sun's  l.l.  ii*  2'  30*;  again,  a.k. 
at  ship  same  day,  when  chronometer  showed  September  8^  ^cf^  39*  25%  observed  altitude 
sun's  LX.  450  45'  30',  height  of  eye  18  feet,  the  ship  having  made  19  miles  on  a  true  S.  76*  E. 
oonrse  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and 
the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming 
the  ship  to  be  between  the  latitudes  47^  50'  N.,  and  47^  10'  N. 

OHABT  WOBK  FOB  ONLY  AND  FIBST  MATES. 
OisOim  Bnglkh  Chamti  Chart  (Magnetic),    Tar.  21*  W. 

I.  Using  Deviation  Card  No.  I,  find  the  oonrse  to  steer  by  compass  from  St  (Coven's 
Head  to  Hartland  Point 

n.  With  the  ship's  head  on  the  above-named  compass  course  Lundy  Island  bore  by 
compass  S.  \  E.,  and  Morte  Point  bore  S.K  ^  E.  by  the  same  compass:  find  the  ship's 
position. 

III.    With  the  ship's  head  as  above  Hartland  Point  bore  by  compass  S.E.  f  S.,  and  after 
continuing  on  the  same  course  8  miles  it  bore  S  JL  by  E. :  find  the  position  of  the  ship,  and 
her  distanoe  fiK>m  Hartland  Point  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOB  MASTEB. 

lY.  Find  the  course  to  steer  by  oompass  from  St.  Goven's  Head  to  Hartland  Point  (see 
Question  I)  to  counteract  the  effect  of  a  current  which  set  West  (correct  magnetic)  at  the 
rate  of  %\  miles  per  hour,  the  ship  making  by  log  10  mUes  per  hour;  also  the  distanoe  the 
ship  then  makes  good  in  4  hours,  and  in  i  hour,  towards  Hartland  Point 

Y.  1885,  September  17th,  3^  iO«  p.m.  mean  time  at  ship,  off  Lundy  Island,  took  a  cast 
of  the  lead.:  required  the  correction  to  be  applied  before  comparing  the  soundings. 

13.  Z887,  September  7U1,  the  obs.  mer.  alt.  of  star  Aroturus,  North  of  observer,  was 
16*  35'  50%  index  oorreotion  «-  i'  lo*,  height  of  eye  12  fset:  required  the  latitude. 
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In  the  following  table  giye  the  correct  magnetic  bearing  of  the  distant  object,  and  thenco 
the  deviation. 

Oorrect  magnetic  bearing. 


Ship's  Head 

StuiLrd 
OompMB. 

Bearing  of 

DistantObjeot 

bySUmdaid 

Oompass. 

Deriatioii 
Beqaired. 

Ship's  Haad 

Standard 
Compaas. 

Bearing  of 

Distant  Object 

by  Standard 

Oompaas. 

Deriation 
Bequired. 

North  .... 

N.B 

Bast     .... 
8.B 

8.  86-W. 
8.  68  W. 
8.  66  W. 

8.79W. 

Sonth  .... 

8.W 

Weat   .... 
N.W 

N.  88-W. 
N.  80  W. 
N.  ^^  W. 

N.75W. 

With  the  deviation  as  above,  give  the  conraes  yon  wonld  steer  by  the  Standard  Oompaaa 
to  make  the  following  coorsea  oorrect  magnetic. 

Oorrect  magnetic  courses:— W.  by  8. 1 8.;  N.  }  B.;  B.  |  N.;  S.B.  i  B. 

Oompaas  cooises:— 

Supposing  yon  have  steered  the  following  courses  by  the  Standard  Oompass,  find  the 
oorrect  magnetic  courses  made  from  the  above  deviation  table. 

Oompaas  courses :— North ;  8.8. W.  ^  W. ;  B.  by  8.  ^  8. ;  N.B.  i  B. 

Oorrect  magnetic  courses  :— 

Yon  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Oompass 
as  above,  with  ship's  head  at  N.N.K  |  B.,  find  the  bearings,  correct  magnetic. 

Oompass  bearings :— N.  79*  B.  and  W.  i  8. 

Bearings,  magnetic  :*- 

EXAMINATION  PAPEE— No.  X. 
FOB  SBOOND  MATB. 
I.    Multiply  56007a  by  50,  and  10*5526  by  317*145,  by  common  logarithms. 


a.    Divide  8491*9  by  98*4,  and  2064840  by  3800*62, 

by  common 

3— 

« 

H.          Oourses. 

K. 

iV 

Wiada. 

Lee. 

way. 

Deviation. 

Remarks,  ftc. 

South. 

t 

ii'W. 

ing  by  compass  N.  i  B., 
dist.  36  miles.     Ship's 
headW.aW.    Devia- 

t 

S.8.W. 

I 

i6oW. 

1 

hLL 
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4.  1 887,  October  aoth,  in  longitude  i5o<*  25^  W.,  obseired  meridian  altitnde  tun's  L.L.  y 
49^  S^'  S^  bearing  North,  index  error  -|- 1'  10',  height  of  eye  19  feet :  required  the  latitude. 

5.  In  latitude  59*  36'  N.,  the  departure  made  good  was  52*9  miles:  required  the 
difference  of  longitude  by  parallel  sailing. 

6.  Bequired  the  course  and  distance  from  A  to  B,  by  calculation  on  Meroat4xr*B  principle. 

Latitude  of  A    9*  36' 8.  Longitude  of  A    a'lo'W. 

Latitude  of  B    7    16  S.  Longitude  of  B     i  24  W. 

7 .  1 885,  October  6th :  find  the  time  of  high  water,  a.m.  and  p^^  at  (Hbraltar,  Eamsgato, 
Wick,  Berwick,  and  Workington. 

8«  1887,  October  9th,  at  5>>  51™  A.M.,  apparent  time  at  ship,  in  latitude  18^  4$'  S.,  longi- 
tude 99®  18'  E.,  sun's  bearing  by  compass  E.  ^  N. :  required  the  true  amplitude  and  error 
of  compass ;  and  supposing  the  Tariation  to  be  i^  50'  W. :  required  the  deTiation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  of  obserration. 

9.  1 887,  October  30th,  p.m.  at  ship,  latitude  32°  45'  N.,  observed  altitude  sun's  l.l.  28*  30^, 
index  correction  -^  2'  30*,  height  of  eye  1 8  feet,  time  by  chronometer  October  30^  1 1^  sS'^  43% 
which,  on  October  ist,  was  2'*  2i*9low  for  mean  noon  at  Greenwich,  and  on  October  8th  was 
a«  44«*8  9hw  for  mean  noon  at  Greenwich:  required  the  longitude  by  chronometer. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1887,  October  ist,  mean  time  at  ship  4^  54™  p.m.,  latitude  17*  8'  S.,  longitude 
15a**  33'  W.,  the  sun's  magnetic  aaimuth  W.  ^  N.,  obserred  altitude  sun's  Z..L.  13^  $9$ 
index  correction  —  22%  height  of  eye  17  feet :  required  the  true  aaimuth  and  error  of  the 
compass ;  and  supposing  the  yariation  to  be  7^  40'  E. :  required  the  deyiatlon  of  the 
compass  for  th«  position  of  the  ship's  head  at  the  time  the  obseryation  was  taken. 

11.  1887,  October  2nd,  a.m.  at  ship,  latitude  by  account  38**  12'  N.,  longitude  23*  34'  W.^ 
obseryed  altitude  sun's  l.l.,  South  of  obseryer,  47*  30',  index  correction  —  i'  38^  height  of 
eye  17  feet,  time  by  watch  2^  i*^  5o>b,  which  had  been  found  to  be  2^  io»  fast  on  apparent 
time  at  ship,  the  difference  of  longitude  made  to  the  Bast  since  the  error  of  watch  on  ap- 
parent time  at  ship  was  determined  was  43' :  required  the  latitude  by  redaction  to  meridian. 

12.  1887,  October  ist,  a.m.  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  October  t^  o^  8»  $6*  M.T.G.,  obseryed  altitnde  sun's  L.L.  23*'  19'  50' ;  again,  p.k.  at 
ship  same  day,  when  chronometer  showed  October  1^5*^  53"*  51*,  obseryed  altitude  sun's  l.l. 
35^  30',  height  of  eye  23  feet,  the  ship  haying  made  29  miles  on  a  tme  S.W.  ^  S.  course 
in  the  interyal :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the 
ship's  position  by  Sumner's  Method  when  the  second  altitnde  was  obseryed,  assuming  the 
ship  to  be  between  the  latitudes  50*  30'  N.  and  51"  o'  N. 

CHART  WORK  FOR  ONLY  AND   FIRST  MATES. 
Using  Outlin$  Snglish  Chtmml  (True)  Chart,    Yar.  18°  W. 

I.  Using  Deyiation  Card  No.  I,  find  the  course  to  steer  by  compass  from  Fecamp  to 
St.  Oatherine*s,  also  the  distance. 

II.  With  the  ship's  head  on  the  aboye-named  compass  course  the  Owen  light  bote  by 
compass  E.  by  N.  \  N.,  and  St.  Catherine's  bore  N.  by  W.  \  W.  by  the  same  compass :  find 
the  ship's  position. 

III.  With  the  ship's  head  as  aboye^  Owen  bore  by  compass  N.E.  \  N.,  and  after 
oontinuing  the  same  course  18  miles  it  bore  E. }  S. :  find  the  ship's  position  and  distance 
from  the  Owen  at  the  time  of  taking  the  second  bearing. 

ADDITIONAL  FOR  MASTER. 

lY.  Find  the  ooune  to  steer  by  compass  from  Fecamp  to  St.  Catherine's  (see  Question 
I)  to  counteract  the  effect  of  a  current  which  set  W.S.  W.,  true,  at  the  rate  of  2  miles  an 
hour,  the  ship  making  by  log  32  miles  in  4  hours;  also  the  distance  the  ship  would  then 
make  good  in  4  houn  towards  St.  Catherine's. 

Y.  1885,  October  4th,  at  4^  o^  a.m.,  mean  time  at  ship,  bmng  off  Fecamp,  took  a  cast 
of  the  Inad:  requirad  the  correction  to  be  applied  to  the  depth  obtained  by  the  lead  line 
before  comparing  it  with  the  depth  marked  on  the  chart. 

13.  1887,  October  7th,  the  obseryed  meridian  altitude  of  star  a  Pegasi  {Marhab)^  bearing 
9outh,  was  54''  19'  15',  index  correction  —  9',  height  of  eye  13  feet :  required  the  latitude. 
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la  the  following  table  give  the  oorreot  magnetic  bearing  of  the  distant  object,  and  thence 
the  deyiation  :— 

Oorrect  magnetic  bearing. 


sup's  Head 

Stan^rd 
Oompass. 

Bearing  of 

DistantObject 

by  Standard 

Ck>mpaaB. 

Deviation 
Bequired. 

8hip*8  Head 

Standard 
Compass. 

Bearing  of 

Distant  Object 

by  Standard 

Compass. 

Deviation 
Bequired. 

North  .... 

N.B 

East 

S.£. 

N.  79«W. 

W.  II  8. 
West. 

Soath  .... 

8.W 

West    .... 
N.W 

N.  65»W. 
N.  47  W. 
N.  39  W. 
N.  46  W. 

With  the  deviation  as  aboTe,  give  the  courses  yon  would  steer  by  the  Standard  Compass 
to  make  the  following  ooorses  oorrect  magnetic. 

Oorrect  magnetic  ooarses :— E.N.E. ;  8.W.  j^  W.;  S.E.  by  E.  }  E. ;  N.  j^  E. 

Compass  courses : — 

Supposing  yon  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
oorrect  magnetic  courses  made  from  the  above  deviation  table. 

Compass  courses :— W.N. W. ;  S.W.  i  8. ;  N.  J  W. ;  S.  |  B. 

Correct  magnetic  courses : — 

You  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  E.  }  N.»  find  the  bearings,  correct  magnetic. 

Compass  bearings  :^E.  |  N.  and  S.  i  E. 

Bearings,  magnetic : — 

EXAMINATION  PAPER— No.  XI. 
FOR  SECOND  MATK 

1.  Multiply  40*405  by  10*8,  and  '000586709  by  4827*06,  by  common  logarithms. 

2.  Divide  100*003  by  1*0012,  and  629807  by  3*86098,  by  common  logarithms. 
3 — 


Courses.       |  K.  |  ^  |        Winds.       |  ^ 


Lee- 
av. 


Deviation. 


Remarks,  &c. 
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4.  1887,  NoTomber  i5tb,  in  loogiinde  80®  11'  E.,  the  obs.  mer.  alt  of  the  son's  l.l.  vm 
67®  44',  bearing  North,  index  error  +  i'  38',  height  of  eye  15  feet :  required  the  latitude. 

5.  In  latitude  40^  50'  S.  the  departure  made  good  was  149  miles :  required  the  diiferenoe 
of  longitude  by  Parallel  Sailing. 

6.  Bequired  the  course  and  distance  from  A  to  B,  by  oalculation  on  Mercatoi's  prindple. 

Latitude  of  A  7 1'  zo'  N.  Longitude  of  A  76*    4'  E- 

Latitude  of  B  76    o  N.  Longitude  of  B  80  10  E. 

7.  1885,  Norember  ist:  find  the  time  of  high  water,  a.m.  and  P.K.,  at  Ostende,  East 
Looe,  Spurn  Point,  and  Ilfraoombe. 

8.  1887,  Noyember  loth,  at  4^  3*  52*  ▲.«.,  apparent  time  at  ship,  in  latitude  58"*  13'  8. » 
longitude  ss^  47'  B*>  sun's  bearing  by  oompass  S.  by  E.  ^  E. :  required  the  true  amplitude 
and  error  of  oompass ;  and  supposing  the  yariation  to  be  16°  30'  E. :  required  the  deriatioa 
of  the  oompass  for  the  position  of  the  ship's  head  at  the  time  of  obseryation. 

9.  1887,  Norember  30th,  a.m.  at  ship,  latitude  40®  40'  8.,  obserred  altitude  sun's  lx. 
39»  30',  index  corr.  4-  ^'  H**  height  of  eye  aa  feet,  time  by  ohrouometer  Kot.  30^  a^  58'b  45% 
which,  on  October  13th,  was  io»  50*'4/<i«<  for  mean  noou  at  Greenwich,  and  on  October  S5th 
was  loiB  36*/«<  for  mean  noon  at  Gkeenwioh :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOE  ONLY  AND  FIRST  MATES. 

10.  1887,  November  15th,  mean  time  at  ship  2^  45^  43*  p.k.,  latitude  45®  31'  8.,  longi* 
tude  1 19^  56'  W.,  sun's  magnetic  aaimuth  8.  98]^°  W.,  obserred  altitude  sun's  l.l.  43°  45', 
index  error  —  56',  height  of  eye  ao  feet :  required  the  true  asimuth  and  error  of  the 
oompass;  and  supposing  the  yariation  to  be  7"  50'  W.:  required  the  deviation  of  the 
oompass  for  the  position  of  the  ship's  head  at  the  time  the  observation  was  taken. 

11.  1 887,  November  1 3th,  a.m.  at  ship,  latitude  by  account  50"  5a'  8.,  longitude  48^  5a'  W., 
the  observed  altitude  of  the  sun's  l.l.,  North  of  the  observer,  was  $6%  index  error  4-  23', 
height  of  eye  19  feet,  time  by  watch  13^  o^  4*  34%  which  had  been  found  to  be  43a  s4'/mI 
on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the  West  since  the  error  of 
watch  on  apparent  time  at  ship  was  determined  was  9  miles :  required  the  latitude  hy 
reduction  to  meridian. 

I  a.  1887,  November  a7th,  A.K.  at  ship,  and  uncertain  of  my  position,  when  a  ohroao- 
meter  showed  November  a7<'  9^  ia">  i8«  M.T.G.,  observed  altitude  sun's  u.L.  14^  afi*  40'; 
again,  p.m.  at  ship  same  day,  when  chronometer  showed  November  37'  13^  3a«  19*  M.T.O., 
observed  altitude  sun's  u.l.  18^  46'  40*,  height  of  eye  %^  feet,  the  ship  having  made  30  miles 
on  a  true  W.  by  S.  course  in  the  interval :  required  the  line  of  bearing  when  the  first 
altitude  was  taken,  and  the  ship's  position  by  Sumnei's  Method  when  the  second  altitude 
was  observed,  assuming  the  ship  to  be  between  the  latitudes  46^  o'  N.  and  46*  40'  N. 
CHART  WORK  FOR  ONLY  AND  FIRST  MATES. 
Unnf  OuUim  En^luh  Ohmrnd  Chart  (TrmJ,    Yar.  18*  W. 

I.  Using  Deviation  Oard  No.  I,  find  the  oourse  to  steer  by  oompass  from  Gape  de  la  Heve 
to  Nab  lightvessel,  also  the  distance. 

II.  With  the  ship's  head  on  the  above-named  oompass  coune  the  Owen  light  bore  by 
oompass  E.  f  8.,  and  the  Nab  lightvessel  N.  f  E. :  find  the  ship's  position. 

m.    With  the  ship's  head  as  above  the  Owers  light  bore  by  compass  E.  by  N.  |  N.,  and 
after  continuing  on  the  same  oourse  10  miles  it  bore  S.E.  f  E. :  find  the  position  of  the 
ship,  and  her  distance  from  the  Owers  light  at  the  time  of  taking  the  second  observation. 
ADDITIONAL  FOR  MASTER. 

lY.  Find  the  oourse  to  steer  by  compass  from  Oape  de  la  Heve  to  the  Nab  laghtvossol 
(see  Question  I)  to  counteract  the  effect  of  a  current  which  set  W.  by  8.  (true)  at 
the  rate  of  i\  miles  per  hour,  the  ship  making  by  log  ii\  miles  in  3  hours;  also  the 
distance  the  ship  would  then  make  good  in  3  hours  towards  the  Nab  Lightvessel. 

Y.  1885,  November  8th,  at  ioi>  la*  a.m.  mean  time  at  ship,  off  Bembridge  Point,  took  a 
oast  of  the  lead :  required  the  correction  to  be  applied  to  the  soundings. 

13.  1887,  November  7th,  the  obs.  mer.  alt.  of  star  a  Piscis  Australia  {Ftmalhaut)  bearing 
North,was59*4o',indezoorreolioa4-  i'  xa',  height  of  eye  33  fret:  required  the  latitadai 
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In  the  following  table  give  the  correct  magnetic  bearing  of  the  distant  object,  and  thence 
the  deyiation. 

Correct  magnetic  bearing. 


Ship's  Head 

Standard 
Oompaat. 

Bearing  of 

Distant  Object 

by  Standard 

Oompass. 

Deriaiion 
Beqnirsd. 

Ship's  Head 

Staniard 
Compass. 

Bearing  of 

Distant  Object 

by  Standard 

Compass. 

DeriaUon 
Beqoired. 

North  .... 

N.B 

East 

8.B. 

8.  88°W. 
8.  70  W. 
8.  68  W. 
8.  8o  w.; 

8onth  . .  •  • 

8.W 

West    .... 
N.W 

N.  88«W. 
N.  8o  W. 
N,  ^2  W. 
N.7SW. 

With  the  doTiatioQ  as  abore,  give  the  conrses  yon  woold  steer  by  the  8tandard  Oompass 
to  make  the  following  courses  correct  magnetic. 

CJorrectMagneticcourses:— W.by8. J8.;  N.W.byW.JW.;  B.by8.J8.;  S,JB. 

Oompass  courses:— 

8npposing  yon  have  steered  the  following  conrses  by  the  8tandard  Oompass,  find  the 
correct  magnetic  courses  made  from  the  aboTe  deyiation  table. 

Oompass  courses:— W.  J  N.;  N.  4a*  W.;  8.  64*  E.;  N.E.  i  N. 

Oorrect  magnetic  courses  :^ 

You  haye  taken  the  following  bearings  of  two  distant  objects  by  your  8taQdard  Oompass 
as  abore,  with  the  ship*s  head  at  W.  by  N.  j^  N.,  find  the  bearings,  correct  magnetic. 

Oompass  bearings :— W.  i  N.  and  8.  36^  E. 

Bearings^  magnetic  :— 

EXAMINATION  PAPEB-No.  XH. 
FOB  8E00ND  MATE. 
I.    Multiply  758900  by  13*5,  and  0*006994  by  0*33318,  by  common  logarithms. 
a.    Diride  999*43  by  67*832,  and  1875000  by  15000,  by  common  logarithms. 
3-— 


H. 

Oonrses. 

BL 

iV 

I 
a 
3 

E.  by  N.  J  JNT. 

4 

1 

1 

W.N.W. 

9 
10 
II 

8.aw.  J  w. 

IS 

I 

N.N.W.  i  W. 

a 
3 

4 

1 

7 

8 

8JLfB. 

• 

9 
10 
II 
la 

8.W.  i  W. 

3 

I 
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4.  1887,  December  3i8t,  in  loogitade  123^  45'  'W,,  the  obs.  mer.  alt.  of  the  son's  l.l.  was 
67®  8'  10',  bearing  South,  index  error  +  9%  height  of  eye  13  feet:  required  the  latitade. 

5.  In  latitade  6d"  N.  the  departure  made  good  was  i  x  x  miles  East :  required  the  difference 
of  looffitnde  by  Parallel  Sailing. 

6.  Required  the  course  and  distance  from  Port  San  Pranoiaoo  to  Cape  Palliser,  by 
calculation  on  Kercator^s  principle. 

Lat.  of  San  Frandsoo  37^48'  N,  Long,  of  San  Francisco  laa®  34'  W. 

Lat.  of  Oape  Palliser   41  38  S.  Long,  of  Gape  Palliser    175  21  B. 

7.  1885,  December  and :  find  the  time  of  high  water,  ajc.  and  P.M.,  at  Skull,  Westport, 
Yalentia,  Limerick,  Goleraine,  and  Tenby. 

8.  1887,  December  28th,  at  4*"  ii"  13*  A..U,,  apparent  time  at  ship,  in  latitude  46°  47'  S., 
longitude  179*  54'  W.,  sun's  bearing  by  compass  S.E.  by  E.  |  E.:  required  the  true  ampli- 
tude and  error  of  compass;  and  supposing  the  yariation  to  be  15°  30'  E.:  required  the 
deviation  of  the  compass  for  the  position  of  the  ship's  head  at  the  time  of  obserraiion. 

9.  1887,  December  a5th,  p.m.  at  ship,  latitude  33''  33'  S.,  obeerved  altitude  sun's  l.l. 
4<y*  40'  40^,  indte  correction  4-  >'  ^9  height  of  eye  19  feet,  time  by  chronometer  December 
H*  ^5^  37"  «7*»  which,  on  October  31st,  was  6"  8«  »low  for  mean  noon  at  Greenwich,  and 
on  Norember  lath  was  7™  i6"4  How  for  mean  noon  at  Greenwich:  required  the  longitude 
by  chronometer. 

ADDITIONAL  FOE  ONLY  AND  FIRST  MATES. 

10.  *  1887,  December  27 th,  mean  time  at  ship  8*"  o*  10"  A.M.,  latitude  15"*  12'  N.,  longitude 
130°  W.,  sun's  magnetic  arimuth  E.  by  S.  f  S.,  obsenred  altitude  son's  l.l.  20^  15',  index 
correction  -|-  2'  5',  height  of  eye  16  feet:  required  the  true  azimuth  and  error  of  the 
compass;  and  supposing  the  variation  to  be  7**  ao'  E.:  required  the  deviation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  the  observation  was  taken. 

11.  1887,  December  4th,  a.m.  at  ship,  latitude  by  account  51*  54'  JS.,  longitude  36*  10'  W., 
the  observed  altitude  of  the  sun's  l.x..,  North  of  the  observer,  was  59®  59',  index  coixeotion 
—  3'  12',  height  of  eye  20  feet,  time  by  watch  I2n  lo*  (or  4^  o^  xa^  lo*),  which  had  been 
found  to  be  4a»  10*  foH  on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the 
West  since  the  error  of  watch  on  apparent  time  at  ship  was  determined  was  10  miles :  re- 
quired the  latitude  by  reduction  to  meridian. 

12.  1887,  December  25th,  a.m.  at  ship,  and  uncertain  of  my  position,  when  a  chrono- 
meter showed  December  24^  22^  iin  2*  M.T.G.,  observed  altitude  sun's  l.l.  9*  8';  again, 
P.M.  at  ship  same  day,  when  chronometer  showed  December  25^  3^  15™  M.T.G.,  observed 
altitude  sun's  L.I..  15*  3',  height  of  eye  15  feet,  the  ship  having  made  35  miles  on  a  true 
S.  54"  E.  course  in  the  interval :  reqidred  the  line  of  bearing  when  the  first  altitude  was 
taken,  and  the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed, 
assuming  the  ship  to  be  between  the  latitudes  46^  30'  N.  and  46"  o'  N. 

OHABT  WORK  FOR  ONLY  AND   FIRST  MATES. 
Usm0  Outline  Bnglith  Channel  (Dnie)  Chart.    Yar.  i8«  W. 
L    Using  Deviation  Oard  No.  I,  find  the  course  to  steer  by  compass  from  A  to 
St.  Oatherine's  Light;  also  the  distance. 

A,  Latitude  $0^  35'  N.  Loogitude  o<*  37'  E. 

II.  With  the  ship's  head  on  the  above-named  compass  course,  Beachy  Head  bore  by  com- 
pass W.  i  N.,  and  Dungeness  bore  N.N.E. }  E.  by  the  same  compass :  find  the  ship's  position. 

III.  With  the  ship's  head  as  above  Beachy  d[ead  bore  by  compass  N.  i  W.,  and  after 
continuing  the  same  course  13  miles  it  bore  E.  by  N.  }  N. :  find  the  ship's  position,  and 
distance  from  Beachy  Head  at  the  time  of  taking  the  second  bearing. 

ADDITIONAL  FOR  MASTER. 

rV.  Find  the  course  to  steer  by  compass  from  A  to  St.  Oatherine's  (see  Question  I)  to 
counteract  the  effect  of  a  current  which  set  East  (true)  at  the  rate  of  5  miles  an  hour,  the 
ship  making  by  log  3a  miles  in  3  hours;  also  the  distance  the  ship  would  then  make  good 
per  hour  towards  St.  Oatherine's. 

y.  1885,  December  7tb,  at  2>>  56'B  p.m.  mean  time  at  ship,  off  Selsea  Bill  by  reckoning, 
took  a  cast  of  the  lead :  required  the  correction  to  be  applied  to  the  depth  obtained  by  the 
lead  line  before  comparing  it  with  the  depth  marked  on  the  chart. 

13.  1887,  December  21st,  the  obs.  mer.  alt.  of  star  a  Cams  Minoris  (Drocpon)  was 
51^51'  50%  bearing  North,  index  wa.^49%  height  of  eye  21  £Mt:  required  the  latitade. 
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In  the  following  table  gire  the  correct  magnetic  bearing  of  the  distant  object,  and  thence 
the  deviation. 

Gorrect  magnetic  bearing. 


Ship's  Head 

Standard 
Oompaaa. 

Bearing  of 

Distant  Object 

by  Standard 

Gompastt. 

Demtion 
Beqoired. 

1    Ship's  Head 

1      Standard 
Ck>mpaaB. 

Bearingrof 

DlstantObject 

by  Standurd 

Oompass. 

Beriation 
Beqoired. 

North     .... 

N.E. 

East  

8.E 

8.     20W. 
8.     4  W. 
8.  10  W. 
8.  16  W. 

South     .... 

8.W 

West 

N.W.     •••. 

8.     5**E. 
8.  34  E. 
8.  16  E. 
8.     3  E. 

With  the  deviation  as  above,  give  the  courses  you  would  steer  by  the  Standard  Compass 
to  make  the  following  courses  correct  magnetic. 

Correct  magnetic  courses :— N.  78°  E. ;  E.8.E. ;  8.W.  by  W.  J  W. ;  N.  }  W. 

Compass  courses  :— 

Supposing  you  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  made  from  the  above  deviation  table. 

Compass  courses :— 8.8.E. ;  W.  by  8.  i  8. ;  8.  by  W.  j^  W. ;  S.E.  \  8. 

Magnetic  courses  :— 

Yon  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  S.W.  by  8.,  find  the  bearings,  correct  magnetic. 

Compass  bearings :— W.  by  8.  \  8.  and  N  J^f  .W. 

Bearings,  Magnetic  :— 

EXAMINATION  PAPER— No.  XTH. 
FOB  SECOND  MATE. 
I.    Multiply  198400  by  6*5,  and  448000  by  '0000448,  by  common  logarithms. 
a.    Divide  2208000  by  3450,  and  '085375  by  '07425,  by  common  logarithms. 
3.— 


H.          Courses. 

K. 

Winds. 

Lee- 

way. 

Deviation. 

Remarks,  fto. 

pis. 

«r...          i       ,     .       _.«,      ,     .      .      iat.62<»i8'N., 

17'  E.,  bear* 

smpass 

r.byE.JE.. 

liles.     Ship's 

W.JW.  De- 

iperlog. 

L43''B. 

at  set  (correct 

)  8.W.  J  W., 

from  the  time 

Murture     was 

the  end  of 

4 

Digiti: 


zed  by  Google 


44^  OrdiiMry  JStaminaHofL 


4.  1 887,  August  I  ith,  in  long.  93^  12'  K,  the  obt .  mer.  alt.  of  the  son's  l.l.  was  42^  4a'  10% 
bearing  North,  index  error  ^  %'  50',  height  of  eye  17  feet :  required  the  latitude. 

5.  In  latitnde  So®  the  departure  made  good  was  80  miles:  required  the  diiSBience 
of  longitude  by  parallel  sailing. 

6.  Bequired  the  oonrse  and  diatanoe  from  A  to  B,  by  oalculation  on  Hflfcator^s  principle. 

Latitude  of  A    49**  20' 8.  Longitude  of  A    ai^'ij'E. 

Latitude  of  B    Equator.  Longitude  of  B    Meridian  of  Oreenwich. 

7.  1885,  September  ist:  find  the  time  of  high  water»  A.U,  and  pjc,  at  Barfleor,  Port- 
land Breakwater,  Bardsey  Island,  and  Padstow. 

8.  1 887,  October  28th,  at  8^  30^  a.m.,  apparent  time  at  ship,  in  latitude  49* 40'  N.,  longi- 
tude 116®  12'  W.,  sun's  bearing  by  compass  E.  16*  40'  K. :  required  the  true  amplitude  and 
error  of  the  compass ;  and  supposing  the  variation  to  be  23*  50'  B. :  required  the  deviation 
of  the  compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1 887,  April  1 8th,  a..m.  at  ship,  latitude  56"  48'  N.,  obserred  altitude  sun's  l.l.  38*  10*50', 
index  correction  -|-  45',  height  of  eye  16  feet,  time  by  chronometer  9^  2^^  2*  a.m.,  which,  on 
March  17th,  was  o^  49**3  ilaw  for  mean  noon  at  Greenwich,  and  on  April  ist  was  i^  58**7  jISm# 
for  mean  noon  at  Greenwich :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  FIRST  MATES. 

10.  1887,  September  ist,  p.m.  at  ship,  latitude  35*  49'  N.,  longitude  iii*  28*  30*  E., 
sun's  magnetic  aaimnth  S.W.  by  W.  }  W.,  obserred  altitude  sun's  l.l.  44*  32'  10',  index 
error  -|-  i'  46',  height  of  eye  20  feet,  when  a  chronometer  showed  August  31'  19^  12"  i8« 
M.T.G. :  required  the  true  aiimuth  and  error  of  the  compass;  and  supposing  the  variation 
to  be  i"  15'  E. :  required  the  deviation  of  the  compass  for  the  position  of  the  ship's  head  at 
the  time  the  observation  was  taken. 

11.  1887,  July  28th,  A.ic.  at  ship,  latitude  by  account  38"^  54'  N.,  longitude  39''  W., 
observed  altitude  sun's  l.l..  South  of  observer,  was  69^*  10',  index  error  +  1'  27',  height 
of  eye  23  feet,  time  by  watch  27'  23^  3*  15*,  which  had  beoi  found  to  be  28^  4^  alow  on 
apparent  time  at  ship,  the  differenoe  of  longitude  made  to  the  East  since  the  error  of  watoh 
on  apparent  time  at  ship  was  determined  was  32  miles :  required  the  latitude  by  reduction 
to  meridian. 

13.  1887,  February  28th,  a.m.  at  ship,  and  uncertain  of  my  position,  when  a  ohrono- 
meter  showed  February  28^  9^  4"*  12*  M.T.G.,  obs.  alt.  sun's  L.I..  27°  31';  again,  p.m.  at 
ship  same  day,  when  ohronometer  showed  Febraary  28'  12^  25'B  35*,  obs.  alt  sun's  l.l. 
32®  40',  height  of  eye  20  feet,  the  ship  having  made  27  miles  on  a  true  N.E.  ^  E.  course  in 
the  interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the  ship's 
position  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming  the  ship  to 
be  between  the  latitudes  47''  10'  ^*  »nd  47^'  40'  N. 

CHART  WORK  FOR  ONLY  AND  FIRST  MATES, 
Viintl  (Mlws  Ei^Uah  Chatmtl  Chart  {True).    Yar.  17'  W. 

I.  Using  Deviation  Card  No.  II,  find  the  course  to  steer  by  compass  from  Cape  Alprech 
to  Beaohy  Head,  also  the  distance. 

II.  With  the  ship's  head  on  the  abovo-named  compass  course  the  Tame  light  bore  by 
compass  E.  |  N.,  and  Dungenees  bore  N.E.  \  N.  by  the  same  compass :  find  the  ship's  position. 

in.    With  the  ship's  head  as  above  Dungeness  bore  by  compass  K.  \  E.,  and  after 
continuing  the  same  course  16  miles  it  bore  E.  by  N. }  N. :  find  the  ship's  position  and  the 
distance  from  Dungeness  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOR  MASTER. 

rV.  Find  the  course  to  steer  by  compass  from  Cape  Alpreeh  to  Beaohy  Head  (see 
Qoestion  I)  to  counteract  the  effect  of  a  current  which  set  S.W.  f  W.  (true),  at  the  rate  of 
3  miles  an  hour,  the  ship  making  by  log  54  miles  in  6  hours;  dbK>  the  distance  the  ship 
would  then  make  good  in  6  hours  towards  Beachy  Head. 

Y.  1885,  September  26th,  at  11^  56™  a.m.,  mean  time  at  ship,  being  off  Beaohy  Head  by 
reckoning,  took  a  cast  of  the  lead :  required  the  correction  to  be  applied  to  the  depth 
obtained  by  the  lead  line  before  comparing  it  with  the  depth  marked  on  the  chart. 

13.  1 887,  October  8th,  the  observed  meridian  altitude  of  star  a  Gruis,  South  of  observer^ 
was5o%iad«xooR.  — i'ia%  height  of  eye  17  £Mt:  required  the  Ittitade. 
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In  the  following  tahle  giro  the  correct  magnetic  bearing  of  the  distant  object,  and  thence 
the  dcTiation:*- 

Gorreot  magnetic  bearing. 


Ship*tHead 

Standard 
CompaM. 

Bearinflrof 

Distant  Object 

hy  Standard 

Oompaas. 

DeTiation 
Beqiijed. 

Ship's  Head 

Standard 
Compass. 

Bearing  of 

Distant  Objeot 

by  Standard 

Compass. 

DeTiation 
Bequired. 

North  .... 
N.K     .... 

East 

S.K 

East. 
8.  67'B. 
8.  6o  E. 
8.  68  E. 

South  .... 
S.W 

WP8t     .... 

N.W 

8.   87'E. 
N.  63  E. 
N.60E. 
N.69E, 

With  the  deviation  as  above,  give  the  courses  you  would  steer  by  the  Standard  Oompass 
to  make  the  following  courses  correct  magnetic. 

Correct  magnetic  oonrsee :— S.W.  by  8. ;  K.  by  E.  |  E.;  North ;  E.  }  N. 

Gompass  courses  :~- 

Snpposing  yon  have  steered  the  following  courses  by  the  Standard  Oompass,  find  the 
oorrect  magnetic  conrses  made  from  the  above  deviation  table. 

Gompass  courses :^W.  by  8.;  N.W.  jf  N.;  8. }  W.;  8.  by  E.  |  E. 

Magnetic  courses  :— 

Yon  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Oompass 
as  above,  with  the  ship's  head  at  E.  |  8.,  find  the  bearings,  correct  magnetic. 

Gompass  bearings :— E.  jf  8.,  and  W.  by  8. 

Bearings,  magnetic  :-p- 

EXAMTNATION  PAPEE— No.  XIV. 
FOB  SEOOND  MATE. 

X.    Multiply  173*4  by  1*734,  and  60030041  by  •000273004,  by  common  logarithms, 

a.    Divide  763987*4  by  9*4^7039  '^^  47 <  ^7  9^43S5>  ^7  common  logarithms. 

3  — 


H.          Oourses. 

K. 

A 

Winds. 

Lee- 

way. 

Deviation. 

Bemarks,  ftc. 

pis. 

10 

8.  by  E.  i  E. 

i 

a7j»W. 

Apoint,lat.3o»i6'N., 
long.  i79»5a'E.,  bearing 

ID 

10 

by  compass  N.*B.JE., 

10 

dist  15  miles.  Ship's 
headE.  iS.    Devia- 

8 

S.byB. 

«i 

34i*W. 

8 

tion  as  per  log. 

7 

7 

'• 

9 
9 

I 

9 
9 
9 
9 
9 
9 
9 
9 
8 

I 

fiu.*t. 

.X            ..em        1                                               1 

S 

HMX 
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4.  1887,  March  10th,  in  longitude  174*  W.,  the  oha.  mer.  alt  of  Bun'a  l.l.  waa  89*  56'  lo^ 
hearing  North,  index  error  —  i'  15',  height  of  eye  15  feet:  required  the  latitude. 

5.  In  latitude  71*  44'  N.,  the  departure  made  good  was  164  miles:  required  the 
difference  of  longitude  hy  parallel  sailing. 

6.  Bequired  the  course  and  distonce  from  A  to  B,  by  calculation  on  Mercator's  prindplo. 

Latitude  of  A    2^49' N.  Longitude  of  A  130"   9' B. 

Latitude  of  B    o  20  S.  Longitude  of  B    82  16  W. 

7.  1885,  June  20th :  find  the  time  of  high  water,  ▲.]<.  and  F.X.,  at  Lyme  Bagii,  Horst 
Camber,  St.  Malo,  Ilfraoombe,  Padstow,  and  Fow*»y. 

8.  1 887,  December  6th,  at  oi^  1 6"  ▲.!<.,  apparent  time  at  ship,  latitude  67**  19'  S.,  longitnda 
19^  a'  E.,  sun's  bearing  by  compass  S.  {  W. :  required  the  true  amplitude  and  error  of 
compass ;  and  supposing  the  variation  to  be  24°  50'  W. :  required  the  deviation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  SeptembAr  ist,  a.ic.  at  ship,  latitude  47*"  48'  N.,  observed  altitnde  snn'e  I..L. 
39''  46'  50",  index  correction  +  2'  10',  height  of  eye  13  feet,  time  by  chronometer  Augnst 
31'  iqI^  i7'»  20*,  which,  on  June  30th,  was  8»  20*  9I0W  for  mean  noon  at  Greenwich,  and 
hamg  i^'s  daily :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1887,  March  20th,  ▲.ic.  at  ship,  latitude  43°  18'  N.,  longitude  31°  41'  W.,  the  sun's 
bearing  by  compass  S.  \  E.,  obsArved  altitude  son's  l.l.  35"*  2'  50',  index  correction  o, 
height  of  eye  12  feet,  when  a  chronometer  showed  March  i9<i  231^  44»  40",  mean  time  at 
Greenwich :  reqairnd  the  true  azimuth  and  error  of  the  compass  from  the  altitude,  and 
also  from  "Time  Azimuth  Tables;"  and  supposing  the  variation  to  be  27"*  10'  W. :  required 
the  deviation  for  the  position  of  the  ship's  head. 

11.  1887,  September  23rd,  ▲.]<.  at  ship,  latitude  by  account  28**  5'  S.,  long.  176*  57'  E., 
observed  altitude  of  sun's  l.l.,  North  of  observer,  was  61^  49'  20%  index  correction  ^  ijf  20% 
height  of  eye  19  feet,  time  by  chronometer  September  22'  12**  I5>b,  which  was  4"^  5*  iiow  on 
mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

12.  1 887,  September  26th,  ▲.ic.  at  ship,  and  uncertain  of  my  position,  when  a  ohronometBr 
showed  September  25'  71^  3'*  36*  M.T.G.,  observed  altitude  sun's  l.l.  10^  53'  15";  again 
P.M.  at  ship  same  dav,  when  chronometer  showed  September  25'  15^  o»  io«,  obanved 
altitude  sun's  l.l.  26°  48'  10',  height  of  eye  15  feet,  the  ship  having  made  33  miles  on  a 
true  E.S.E.  course  in  the  interval :  required  the  line  of  bearing  when  the  flrft  altitude  was 
taken,  and  the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  ohserved, 
assuming  the  ship  to  be  between  the  latitudes  47*  10'  N.  and  46^  40'  N. 

CHART  WORK  FOR  ONLY  AND  FIRST  MATES. 
(hUlim  Bngliah  Chamna  Chart  (Ihtt),    Yar.  21*  W. 
I.    Using  Deviation  Card  No.  I,  find  the  course  to  steer  by  compass  from  A  to  Linrd 
Light,  also  the  distance. 

A,    Latitude  49°  32'  N.  Longitude  7®  o'  W, 

n.    With  the  ship's  head  on  the  above-named  compass  course  Longships  bore  by  com- 
pass E.  I  N.,  and  St.  Agnes'  bore  N.W.  by  W.  by  the  same  compass :  find  the  ship's  position 
III.    With  the  ship's  head  as  above  Wolf  Rook  bore  by  compass  N.E.  ^  E.,  and  after 
continuing  on  the  same  course  15  miles  it  bore  N.W.  ^  N. :  find  the  position  of  the  ship, 
and  her  distance  from  Wolf  Rook  at  the  time  of  taking  the  second  bearing, 
ADDITIONAL  FOR  MASTER. 
lY.    Find  the  course  to  steer  by  compass  from  A  to  Liaard  (see  Question  I)  to  counteract 
the  eifect  of  a  current  which  set  E.N.E.  (magnetic)  at  the  rate  of  4  miles  per  hour,  the 
ship  making  by  log  57  miles  in  6  hours;  also  the  distance  the  ship  would  then  make  good 
in  6  hours  towards  Lisard. 

Y.  1885,  July  7th,  at  3»»  5«  p.ii.,  being  off  St.  Mary's,  Scilly  Islands,  by  reckoning, 
took  a  cast  of  the  lead :  required  the  correction  to  be  applied  to  the  depth  obtained  by  the 
lead  line  before  comparing  it  with  the  depth  marked  on  the  chart. 

13.  1887,  December  21st,  the  obs.  mer.  alt.  of  star  a  Cygni  (2Vfi«5),  North  of  obserrtr, 
was  56^  18'  50*,  index  correction  —  40%  height  of  eye  15  feet :  required  the  latitude. 
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In  the  following  table  give  the  correct  magnetic  bearing  of  the  distant  object,  and  thence 
the  deviation: — 

Correct  magnetic  bearing. 


Ship's  Head 

Standard 
OompaBs. 

B^'aring  of 

Distant  Object 

by  Staudurd 

Oompaas. 

Deviation 
Required. 

Ship's  Head 

Standard 
Gumpass. 

Bearing  of 

Distant  Object 

by  >tandwl 

Compass. 

DeWation 
Required. 

North.... 

N.B 

East 

8.B 

N.  77'W. 
N.  88  W. 
8.  85  W. 
8.  78  W. 

8oath  .... 

8.W 

West    .... 
N.W 

8.  62'W. 

8.  77  W. 
N.  81  W. 

With  the  deviation  as  above,  give  the  courses  you  would  steer  by  the  8tandard  Compass 
to  make  the  following  courses  correct  magnetic. 

Correotmagnetiocourses:— N.E.  by  £.;  S.W.  byS.;  E.S.E. 

Compass  courses : — 

Supposing  you  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  made  from  the  above  deviation  table. 

Compass  courses :— W.  }  8. ;  N.W.  by  N, ;  N.E.  by  N. 

Magnetio  courses : — 

Yon  have  taken  the  following  beariogs  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  N.W.,  find  the  bearings,  correct  magnetic 

Compass  bearings : — North  and  E.S.B. 

Bearings,  magnetic : — 

EXAMINATION  PAPER— No.  XV. 
FOB  SECOND  MATE. 
I.    Multiply  looooi  by  8,  and  160800  by  325,  by  common  logarithms, 
a.    Divide  37"i49  by  5»3'76,  and  615  by  '03075,  by  common  logarithms. 
3— 


H. 

Courses. 

K. 

^ 

Winds. 

I 

8.  by  E.  J  E. 

3 

.... 

2 

3 

4 

5 

N.W.  \  W. 

6 

7 

8 

9 

N.  by  E.  }  E. 

10 

II 

12 

I 

8.W.3W.iW. 

a 

•     3 

4 

1 

W.byN.JN. 

7 

8 

9 

N.E.JE, 

10 

II 

la 
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4.  18S7,  Febraary  i  ith,  ia  longitade  32"*  20'  E.,  the  obs.  mer.  alt.  of  the  ran'e  L.L.  wm 
3d*  25'  lo'y  bearing  Soath,  index  error  —  3'  15*,  height  of  eye  22  feet :  required  the  latitude. 

5.  In  latitude  84"*  49^  the  departure  made  good  waa  89*75  miles :  required  the  difiereooe 
of  longitade  by  Parallel  Sailing. 

6.  Bequired  the  oonrse  and  distance  firom  A  to  B,  by  ealcniation  on  Meroalor's  principle. 

Latitude  of  A  43**  14'  8.  Longitude  of  A  65*  39'  W. 

Latitude  of  B  26  38  N.  Longitude  of  B  15     8  E. 

7.  1885,  April  3rd:  find  the  time  of  high  water,  a.k.  and  p.k.,  ftt  AberdoTey,  Port 
Patrick,  Arklow,  Ballycastle  Bay,  and  Ardroasan. 

8.  1887,  March  3ist|  at  6*^  i">  48*  a.m.,  apparent  time  at  ship,  in  latitude  ^  31'  N., 
longitude  155''  10'  E.,  sun's  bearing  by  compass  E.  3"*  51'  8.:  required  the  true  amplitoda 
and  error  of  compass;  and  supposing  the  variation  to  be  6°  E. :  required  the  deriation  of 
the  compass  for  the  position  of  Uie  8hip*s  head  at  the  time  of  observation. 

9.  1887,  May  17th,  A.1C.  at  ship^  lat  55*  N.,  observed  altitude  sun's  L.L.  43*  9'  ^, 
index  correction  —  14^1  height  of  eye  14  feet,  time  by  chronometer  9*^  i3>»  12*  ajc  (or 
16'  21^  i3">  i2«),  which,  on  April  24th,  was  25* /m<  for  mean  noon  ftt  Greenwich,  Bikdgammg 
4*'9  daily :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  FIBST  MATES. 

10.  1887,  July  loth,  jL,u.  at  ship,  latitude  59^  $6'  N.,  longitude  40^  20^  W^  the  sun's 
bearing  by  compass  8.  i  W.,  observed  altitude  sun's  l.l.  44*  49'  50',  index  correction  —  50*, 
height  of  eye  21  ieet,  when  a  chronometer  showed  lo'  o*^  25™  20",  mean  time  at  Greenwich : 
required  the  true  asimuth  and  error  of  the  compass  from  altitude,  and  also  from  "  !nme 
Azimuth  Tables ; "  and  supposing  the  variation  to  be  51®  W. :  required  the  deviation  for 
the  position  of  the  ship's  head. 

11.  1887,  June  14th,  JLM,  at  ship,  latitude  by  aooount  57**  43'  N.,  longitude  10^  14'  W., 
the  observed  altitude  of  the  sun's  l.l..  South  of  the  observer,  was  sf*  24'  15',  index  correc- 
tion —  6*  12',  height  of  eye  19  feet,  Ume  by  chronometer  14'  o^  40^  ii\  which  was 
13B  4S*f(ut  on  mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

12.  1887,  January  17th,  A.M.  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  January  16*  i7*>  46'*  14"  M.T.G.,  observed  altitude  sun's  l.l.  13*  10'  o«;  again,  p.m. 
at  ship  same  day,  when  chronometer  showed  January  16'  23^  ss^  '%  observed  altitude 
sun's  L.L.  8®  47'  o',  height  of  eye  18  feet,  the  ship  having  made  30  miles  on  a  true  N.W. 
course  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and 
the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed,  assuming 
the  ship  to  be  between  the  latitudes  46'  o'  N.,  and  46^'  30'  N. 

OHABT  WOBK  FOB  ONLY  AND  FIBST  MATES. 
(haUm  EnglUh  Chmwd  Chart  (Trm).    Var.  21*  W. 
I.    Tiring  Deviation  Card  No.  I,  find  the  course  to  steer  by  compass  from  A  to  Lundy 
Island,  also  the  distance. 

A,    Latitude  5d*  39' N.  Longitade  5*  34' W. 

n.  With  the  ship's  head  on  the  above-named  compass  course  Longshipe  light  bore  by 
compass  8.8 Ji.  \  E.,  and  Seven  Stones  bore  W.  by  8.  }  8.  by  the  same  compass:  find  the 
ship's  potttion. 

m.  With  the  ship's  head  as  above  Trsvoae  Head  bore  by  compass  8.E. )  E.,  and  after 
oontinuing  on  the  same  coarse  14  miles  it  bore  8. }  B. :  find  the  position  of  the  ship,  and 
her  distanoe  from  ^^vose  Head  at  the  time  of  taking  the  second  bearing. 
ADDrnONAL  FOB  MA8TEB. 
IV.  Find  the  coarse  to  steer  by  oompass  firom  A  to  Lundy  Island  (see  Question  I)  to 
eoanteraot  the  effect  of  a  current  which  set  N.N.E.  (true)  at  the  rate  of  5  miles  per  hour, 
the  ship  making  by  log  36  miles  in  3  hours;  also  the  distanoe  the  ship  would  then  make 
good  in  3  hours  towards  Lundy  Island. 

y.  1 885,  November  30th,  ^^  30"  p.m.,  bring  off  St.  Ives  by  reckoning,  took  a  cast  of  the 
lead:  required  the  correction  to  be  applied  to  the  depth  obtained  by  the  lead  line  before 
oomparing  it  with  the  depth  marked  on  the  chart 

13.  1887,  July  19th,  the  obs.  mer.  alt.  of  star  a  Pavonis,  bearing  South,  was  32*  50'  15^, 
Index  ewieetion  +  4'  4»%  ^M^gJ^t  of  eye  23  £set :  required  the  latitade. 
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In  the  following  table  giTe  the  oorreot  magnetio  bearing  of  the  distant  object,  and  thence 
the  deriation. 

Oorreot  magnetio  bearing. 


Ship's  Hemd 

Sta^ard 
OompMt. 

Baarinffof 

DistantObjeot 

by  Suuidard 

OompMS. 

Deriation 
Bequired. 

Ship's  Head 

StanJaid 
Oompasi. 

BeaTinjrof 

Discani  Objaot 

by  Standard 

Compass. 

PerUtioii 
BeauiiwL 

North  ...« 
N.E.    .... 
Bast     .... 
8.E 

8.44-B. 
8.  56  E. 
g-39B. 
8. 12  E. 

8onth  .... 

8.W 

Weet   •  •  •  • 
N.W 

8.  ii»W. 
8.  13  W. 
8.  4W. 
8.  11  E. 

With  the  deWation  as  above,  give  the  conrses  yon  wonid  ateer  by  the  Standard  Oompass 
to  make  the  following  oonreee  correct  magnetic 

Correct  magnetic  courses :— N.N.W. ;  W.N.W. ;  8.W.  by  W. ;  W.8. W. 

Oompass  oooises:— 

Soppoeing  yon  have  steered  tbe  following  courses  by  the  Standard  Compass^  find  the 
correct  magnetic  courses  made  from  the  above  deviation  table. 

Oompass  courses :— E.N.E. ;  8.8.E. ;  N.W.  by  W. ;  N.E.  by  E, 

Oorreot  magnetic  courses  :»> 

You  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  ship's  head  at  N.E.  }  E.,  find  the  bearings,  correct  magnetio. 

Oompass  bearings : — N.  by  W.  and  E.  by  N. 

Bearings,  magnetic : — 

EXAMINATION  PAPER— No.  XVI. 
FOB  SECOND  MATE. 
X.    Multiply  108*581  by  500^  and  964*3104  by  *ooo69004i,  by  common  logarithms. 
1.    Divide  408848  by  aoa,  and  '000694321  by  '000014798,  by  common  logarithms. 
3— 


H. 


Courses. 


W.byN.JN. 
W.fN. 


N.  by  W. 
N.byW. 
N.  by  W. 
W.JN. 

aw. 

South. 


'»V 

»i»io'W. 

«t 

i9*50'W. 

»* 

iPi/W. 

3i 

4'3o'W. 

i 

a7»40'B. 

>i 

i9*3o"W. 

Apoint,latco*i6'8., 
long.  179^42'  W.,  bear- 
ing by  compass 

S>E.  ^  E., 
dist.  13  miles.  Snip's 
bead  W.  by  N.  i  N. 
Deviation  as  per  log. 


Variation  15**  40'  B. 


A  current  set  the  ship 
8.  ^  £.  (cotrect  mag- 
netic), 21  miles,  from 
the  time  the  departure 
was  taken  to  the  end 
of  the  day. 
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4.  1S87,  M&y  1 6th,  in  longitade  45"*  26'  W,,  observed  meridian  altitnde  enn's  L.L.  was 
86°  34'  lo*  bearing  North,  index  error  4-  4'  i^%  height  of  eye  15  feet :  required  the  latitude. 

5.  In  latitude  76%  the  departure  made  good  was  76  miles:  required  tiie  diiference 
of  longitude  by  parallel  sailing. 

6.  Required  the  course  and  distance  from  A  to  B,  by  calculation  on  Mercator's  piincSple. 

Latitude  of  A    9"  2'  K.  Longitude  of  A  171^  19'  W. 

Latitude  of  B    i    2  8.  Longitude  of  B    83  17  £. 

7 .  1 885,  September  5th :  find  the  time  of  high  water  a.ic  and  p  jc.,  at  lie  d' Aix,  Aberrraoh, 
Bolterdam,  Porth-dyn-Ueyn,  Pork  Oarlisle,  and  Workington. 

8.  1887,  June  24th,  at  ii>^  s^  '•!'•>  apparent  time  at  ship,  in  latitude  66**  31'  N.,  longi- 
tude 9°  W.|  sun's  bearing  by  compass  N.  f  E. :  required  the  true  amplitude  and  error 
of  compass;  and  supposing  the  variation  to  be  33°  30'  W. :  required  the  deviation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  June  15th,  JL.U.  at  ship,  latitude  29°  10'  8.,  observed  altitude  sun's  l.l.  20*  40^  0% 
index  correction  o,  height  of  eye  25  feet,  time  by  chronometer  June  14'  22^  59*  20*, 
which,  on  May  3rd,  was  i™  17"  alow  for  mean  noon  at  Greenwich,  and  latinff  8>  daily :  required 
the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  FIRST  HATES. 

10.  1887,  September  23rd,  pjc.  at  ship,  latitude  49"  40'  8.,  longitude  115**  34'  30'  W^ 
the  sun's  bearing  by  compass  N.  by  £.  ^  E.,  observed  altitude  sun's  l.l.  30*  17'  50',  index 
correction  o,  height  of  eye  14  feet,  when  a  chronometer  showed  September  23^  io>>  9*^  47* 
mean  time  at  Qreenwioh :  required  the  trae  aaimuth  and  error  of  the  compass  from  altitude, 
and  also  from  *'Time  Aaimuth  Tables;"  and  supposing  the  variation  to  be  28^  50'  W.: 
required  the  deviation  for  the  position  of  the  ship's  head. 

1 1.  1 887,  September  23rd,  p  jc.  at  ship,  latitude  by  account  50"  57'  N.,  longitude  169''  54'  K, 
observed  altitude  sun's  l.l.,  South  of  observer,  was  38''  47',  index  correction  o',  height  of 
eye  11  feet,  time  by  chronometer  September  22*^  121^  S9^  45%  which  was  ^^  ^i*  fatt  on 
mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

12.  1887,  August  18th,  ▲.!€.  at  ship,  and  uncertain  of  my  posttioo,  when  a  chronometer 
showed  August  17*^  2oi>  io»  48*  M.T.G.,  observed  altitude  sun's  l.l.  t^*  32'  o* ;  again,  jlm,  at 
ship  same  day,  when  chronometer  showed  August  l^^  22*>  5a">  27*,  observed  altitude  sun's  lji. 
41^  45'  26',  height  of  eye  20  feet,  the  ship  having  made  19^  miles  on  a  true  W.N.W.  course 
in  the  interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the 
ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed,  asauming  the 
ship  to  be  between  the  latitudes  49*  25'  N.  and  49^  55'  N. 

CHART  WORK  FOR  ONLY  AND   FIRST  MATES. 
U$mg  Outline  SnglUh  Channel  {'Magnetic)  Chart,    Yar.  19^  W. 

I.  Using  Deviation  Card  No.  I,  find  the  course  to  steer  by  compass  from  A  to  Bill  of 
Portland,  mo  the  distance. 

A,    Latitude  49®  56'  N.  Longitude  4®  27'  W. 

n.  With  the  ship's  head  on  the  above-named  compass  course  Eddystone  bore  by  com- 
pass N.N.W.  i  W.,  and  Start  Point  bore  E.  |  N.  by  the  same  compass :  find  the  ship's 
position. 

III.    With  the  ship's  head  as  above,  Start  Point  bore  by  compass  N.  by  E.  ^  E.,  and 
after  continuing  on  the  same  course  8  miles  it  bore  N.W.  ^  W. :  find  the  position  ot  the 
ship  and  her  distance  from  Stirt  Point  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOR  MASTER. 

lY.  Find  the  course  to  steer  by  compass  from  A  to  Bill  of  Portland  (see  Question  I)  to 
counteract  the  efieot  of  a  current  which  set  E.  by  8.,  true,  at  the  rate  of  4  miles  per  hour, 
the  ship  making  by  log  24  miles  in  3  hours,  also  the  distance  the  ship  would  then  make 
good  in  3  hours  towards  Bill  of  Portland. 

Y.  1885,  June  7th,  at  9*^  40*  ▲.!<.,  being  oif  Exmouth  by  reokoning,  took  a  cast  of  the 
lead:  required  the  correction  to  be  applied  to  the  depth  obtained  by  the  lead  line  before 
comparing  it  with  the  depth  marked  on  the  chart. 

13*  1887,  March  31st,  the  observed  meridian  altitude  of  star  a  Yirginis  (Spiea),  North  of 
obienrei^  was  5^^  14'  o*,  index  ooneotioa  o,  height  of  ey«  19  feet :  leqaiMd  the  latitwto. 
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In  the  following  table  give  the  correct  magnetic  beegring  of  the  distant  objeot»  and  thence 
the  deviation  :— 

Correct  magnetio  bearing. 


Ship's  Head 

Standard 
Oompasfl. 

Beaiinf  of 

Distant  Object 

by  Standard 

Compass. 

D«yiation 
Required. 

Ship's  Head 

Standard 
GompaB9. 

Bearing  of 

Distant  Object 

by  Standard 

OompaM. 

Deviation 
Heqnired. 

North  .... 

N.E 

East 

8.R. 

8.  13  W. 
8.     6W. 
a    3W. 

Soath  .... 

8.W 

West   .... 
N.W 

8.   lo'E. 
8.  I I  B. 
8.   14  W. 
8.  37  W. 

With  the  deviation  as  above,  give  the  oourses  yon  woald  steer  by  the  Standard  Compass 
to  make  the  following  conrses  correct  magnetio. 

Correct  magnetic  conrses: — East;  W.S.W.;  8.E,  by  8. 

Compass  conrses : — 

Supposing  yon  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetic  conrses  made  from  the  above  deviation  table. 

Compass  conrses :— N.  W.  by  W.  J  W. ;  North ;  E.N.E. 

Correct  magnetic  conrses : — 

Ton  have  taken  the  following  bearings  of  two  distant  objects  by  yonr  Standard  Compass 
as  above,  with  the  ship's  head  at  W.S.W.,  find  the  bearings,  oorrect  magnetic. 

Compass  bearings :— W.  by  S.  and  South. 

Bearings,  magn<9tio : — 

EXAMINATION  PAPEE— No.  XVIL 
FOB  SECOND  MATE. 
I.    Multiply  37340  by  laoo,  and  53*62  by  0*4188,  by  common  logarithms, 
a.    Divide  914575a  by  aa'aa,  and  5*6949  by  53*058,  by  common  logarithms* 
3— 


H.          Courses. 

K 

tV 

8 

North. 

■  , 

a 

8 

8.  by  B.  1 E. 

a 

S.S.E. 

S.JE. 

a 

8 

1 

!o 

3 

a 
5 

1 

7 

N.JW. 
N.N.W.fW. 
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4.  1S87,  NoTemb«r  sist,  in  lon^tude  70^  ao'  E..  the  obit.  mer.  alt.  of  the  ran*e  v.l.  wu 
80^53'  30*,  bearing  North,  index  error  ^  s'  52',  height  of  eye  ao  feet :  required  the  latitude. 

5.  In  latitude  44^  50'  N.,  the  departure  made  good  was  379*75  miles:  required  the 
differenoe  of  longitude  by  Parallel  Sailing. 

6.  BMinired  the  course  and  distance  from  (A)  Hong  Eong  to  (B)  Oallao^  by  oaloolation 
on  Mercator's  principle. 

latitude  of  A  as*  if  N.  Lonflritnde  of  A  1 14*  30'  E. 

Latitude  of  B  ra     4  S.  Longitude  of  B   77  14  W. 

7.  1885,  February  ist :  ilad  the  time  of  high  water,  A.K.  and  P.M.,  at  OrfordnesSi  Looh 
Byan,  Peel,  Warren  Point,  and  Ostende. 

8.  1887.  June  30th,  at  ai>  43'*  ▲.v.,  apparent  time  at  ship,  in  latitude  60^  48'  K.,  longi- 
tude 177^  33'  30*  E.,  sun's  bearing  by  compass  N.  by  W.  ^  W. :  required  the  true  amplitude 
and  error  of  compass ;  and  supposing  the  yariation  to  be  ao^  10'  £. :  required  the  deviatioa 
of  the  compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1 887,  Jane  5th,  jl.m.  at  ship,  latitude  a^  5'  S.,  observed  altitude  sun's  l.l.  a8^  4',  index 
corr.  -4-  4'  >5\  height  of  eye  15  feet,  time  by  ohrooometer  June  4'  la^^  a8>B  41%  which,  on 
March  6th,  was  x"*  6*  fast  for  mean  noon  at  Oreenwich,  and  on  May  ist  showed  mean  noon 
at  Ghreeuwioh :  required  the  longitude  by  ohrouometw. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1887,  September  a9th,  mean  time  at  ship  i^  41™  35*  p.k.,  latitude  53°  37'  N.,  longi- 
tude  17 1*  39'  30'  Eb,  sun's  bearing  by  compass  S.  ^  E.,  observed  altitude  sun's  l.l.  39^  17'  lo*, 
index  error  -|-  4'  10',  height  of  eye  35  feet:  required  the  true  asimuth  and  error  of  the 
compass;  and  supposing  the  variation  to  be  15*  15'  E.:  required  the  deviation  of  the 
oompaas  for  the  position  of  the  ship's  head  at  the  time  the  observation  was  takeu. 

1 1.  1887,  May  30th,  A.1C.  at  ship)  latitude  by  account  71*  3a'  N.,  longitude  9^  49'  loT'  W., 
the  observed  altitude  of  the  sun's  l.l.,  South  of  the  observer,  was  39*  50',  index  error 
-|-  4'  35',  height  of  eye  31  feet,  time  by  watoh  May  30^  0^  43"  29%  which  had  been  found  to 
be  i*^  a«  50"  fut  on  apparent  time  at  ship,  the  diiferenoe  of  longitude  made  to  the  Esat 
since  the  error  of  watch  on  apparent  time  at  ahip  was  determined  was  17I  miles :  required 
the  latitude  by  reduction  to  meridian. 

I  a.  1887,  July  and,  A.M.  at  ship,  and  uncertain  of  my  position,  when  a  ohronometer 
showed  1'  30^  2^  3«  M.T.G.,  observed  altitude  sun's  l.l.  31*9'  21';  again,  a-k.  at  ship  same 
day,  when  chronometer  showed  1'  aa^  x8<»  39*  M.T.G-.,  observed  altitude  sun's  l.l.  5a*  50'  14', 
height  of  eye  18  feet,  the  ship  having  made  15  miles  on  a  true  N.N.W.  course  in  the 
interval :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the  ship's 
position  by  Sumner's  Method  when  the  second  altitude  was  observed,  —fwniiTig  the  ahip  to 
be  between  the  laUtudes  48''  o'  N.  and  48*  ao'  N. 

CHART  WORK  FOB  ONLY  AND  FIRST  MATES. 
Utinsf  Outline  English  Channel  Chart  (MagmticJ.    Yar.  i^\*  W. 

I.  Usinflr  Deviation  Card  No.  I,  find  the  course  to  steer  by  oompaas  from  A  to  Haamt 
lights  also  the  distance. 

A,    Latitude  49**  55' ^-  Longitude  4<»  ao' W. 

II.  With  the  ship's  head  on  the  above-named  compass  course  Isle  de  Bas  bore  by  oompaaa 
8.  W.  f  S.,  and  Triagoa  bore  S.  by  E.  \  E.  by  the  same  oompaas :  find  the  ship's  position. 

III.  With  the  ahip's  head  as  above  Isle  de  Bas  bore  by  compass  S.E.  |  S.,  and  after 
oontinuing  on  the  same  course  14^  mUes  it  bore  S.  by  W.  |  W. :  find  the  position  of  the 
•hip,  and  her  distance  from  Isle  de  Bas  at  the  time  of  taking  the  second  bearing. 

ADDITIONAL  FOR  MASTER. 

lY.  Find  the  course  to  steer  by  compass  from  A  to  Ouemaey  (aee  Question  I)  to 
oonnteract  the  effect  of  a  current  which  set  N.E.  (magnetio)  at  the  rate  of  5  miles  per  hour, 
the  ship  making  by  log  30  miles  in  3  hours;  also  the  distance  the  ship  would  then  make 
good  in  3  hours  towards  Ouemsey. 

y.  1885,  Ootober  4th,  at  lo^^  43"  P.K.,  being  off  Port  St.  Peter,  Ooemsey,  by  reckoning, 
took  a  cast  of  the  lead :  required  the  correction  to  be  applied  to  the  depth  obtained  by  the 
laid  line  before  comparing  it  with  the  depth  marked  on  the  chart. 

13.  X  887,  February  r st,  long.  50*  W.,  obs.  mer.  alt.  of  star  a  Oanis  Majoris  {8iHm)^  South 
olobMrTer|Wia37*5o'ao'|iad«soon.+  i'4%l'k«>8^tofeyo3olMt:  nqniied  tiM  latltiidA. 
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In  the  following  tabU  givo  the  oorreot  magn^*  bewiiig  of  the  diftant  vlifeot^  and  thenoe 
the  deTiatioB. 

Corr'^ct  magnetio  be<«riDg. 


8bip»aHwd 

Standard 
Oompaas. 

B^arinv  of 

D  stant  0'  j  ot 

by  Standard 

Oompatf. 

Deriation 
Beqaind. 

Ship's  Head 

Standard 
Ck>mpass. 

Bearing  of 

Distant  Object 

by  standard 

Oompait. 

Deviation 
Eequired. 

North  .... 

N.E 

Eaet 

BR. 

North. 
N.  ii°E. 
N. 19  E. 
N.36  B. 

South  .... 

S.W 

WeRl    .... 
N.W 

N.  a4^E. 
N.    5  E. 
N.   5  W. 
N.   5  W. 

With  the  deviatton  a«  abo¥>',  give  the  coarses  yon  would  steer  by  the  Standard  Oompaas 
to  make  the  following  conrBes  coirrect  magnetio. 

Correct  HtgnetieoonxMB:— W.N. W.;  W.6.W.;  8.E.  byE.;  SjS.E. 

GompaM  cottrsee :  — • 

Sappoeing  yon  have  steered  the  following  courses  by  the  Standard  Compass,  And  the 
oorreot  magnetic  ooorsee  made  irom  the  above  deyiation  table. 

Compass  coorses:— B.  by  a  |  S.;  S.  by  E.  |  E.;  N.W.  by  W.;  W.  |  S. 

Correct  magnetio  courses  :»> 

Ton  have  taken  the  following  bearings  of  two  distant  objects  by  yonr  Standard  Compass 
as  above,  with  the  ship's  hnad  at  E.  by  S.  ^  S.,  find  the  bearings,  oorreot  magnetio. 

Compass  bearings: -N.W.  by  W. }  W.  and  8.  by  £.  |  E. 

Bearings,  magnetic:— 

EXAMINATION  PAPER-No.  XVIH. 

FOR  SECOND  MATE. 
I.    tfnltiply  S4000  by  32000,  and  '000871 14  by  *ooi963,  by  oommon  logarithms. 


a.    Divide  9504000  by  98,  and  '9649  by  35*oj 
3-— 

;«3.by 
f 

common  loj 
id'W. 

.J^W. 

(arithms. 

H. 

Coozses. 

K. 

A 

I 
2 
3 

4 

1 
i 

9 
10 

W.N.W. 
S.W.byW. 
K.byS.}S. 

6 
6 
8 

6 

4 

t 
1 

9 

North. 
tl.W.  by  W. 
N.W.JW. 

Apoint,lat^e»a7'S., 
long.  6«'  37'  W.,  bear- 
iiigbffcompa8sE.|a, 
4ist.  ac  miles.  Ship's 
headWJI.W.  Devk. 
Uon  as  per  log. 

IS 

I 
1 

«.W. 

3 

4 

N.N.E. 

i 

S'W. 

Yariatknaai^X. 

3 

4 

1 

7 
8 

9 
10 
II 

IS 

S.W.iW. 

0 
4 

i 

WJ».W. 

3i 

7*W. 

NJiiB. 

6 
3 

7 

4 
6 

3 

N.byW.iW. 

«♦ 

8'E. 

A  onrrent  set 

8.8.  W. }  W. 
(oOTrei*  teaffnetic},  3a 
miles  from  the  time  the 
departure  was  taken  to 
the  end  of  the  day. 

i^^iX 

.J 

»2(« 
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4.  1888,  January  ist,  in  longitude  167**  54'  E.,  the  obe.  mer.  alL  of  tbe  foii'e  L.I..  was 
83°  40'  o',  bearing  North,  index  error  -(-  47*,  height  of  eye  23  feet:  required  the  latitude. 

5.  In  latitndA  6cf*  5'  the  departure  made  good  was  96  miles  West :  required  the  differenoe 
of  longitude  by  Parallel  Sailing. 

6.  Required  the  course  and  distance  from  A  to  B,  by  oalculation  on  Heroator's  principle. 

Latitude  of  A    8°57'N,  Longituie  of  A   79*31' W. 

Latitude  of  B  36  50  8.  Longitude  of  B  174  49  E. 

7.  1885,  March  ist:  find  the  time  of  high  water,  am,  and  P.M.,  at  Bembridgo  Point, 
Newhaven,  Lowestoft,  Lamlash,  and  Strangfurd  Quay  (Ireland). 

8.  1887,  November  4th,  at  4^  $1^  42*  Jlm,,  apparent  time  at  ship,  in  latitude  46*  40'  8., 
longitude  8*  57'  W.,  sun*s  bearing  by  compaH  S.B.  |  8.:  required  the  true  amplitude  and 
error  of  compass;  and  supposing  the  yariation  to  be  16*  30'  W.:  required  the  deviation 
of  the  compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  September  isf,  A.X.  at  ship,  latitude  15*  31'  8.,  observed  altitude  sun's  L.I.. 
15*  ]  8'  20'.  index  correction  —  20',  height  of  eye  26  feet,  time  by  chronometer  August 
31'  30>>  i2»  40*,  which,  OQ  April  15th,  was  !■»  30*  tlaw  for  mean  noon  at  Greenwich,  and 
on  April  39th  was  o™  2^*  fatt  for  mean  noon  at  Greenwich:  required  the  longitude  by 
chronometer. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1 887,  June  ist,  mean  time  at  ship  Z^  19'*  km.,  latitule  2 1*  10'  N.,  longitude  6 1*  30'  E., 
sun's  mas:netic  aiimuth  E.  }  N.,  observed  altitude  sun's  l.l.  39°  10'  o^  index  error  ^  15', 
heii^ht  of  eye  18  feet:  required  the  true  asimnth  and  error  of  the  compass;  and  supposing 
the  variation  to  be  o<*  50'  E. :  required  the  deviation  of  the  compass  for  the  position  of  the 
ship's  head  at  the  time  the  observation  was  taken. 

11.  1887,  April  13th,  A.v.  at  ship,  latitude  by  account  o,  lonsitude  147*  10'  E.,  the 
observed  altitude  of  the  sun's  l.l..  North  of  the  observer,  wa^  80®  30'  0%  index  error 
-|-  i'  lo*,  height  of  eye  16  feet,  time  by  watdh  o**  o»  12%  which  had  been  found  to  bo 
iim  jt  fgti  on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the  East  sinoe 
the  error  of  watch  on  apparent  time  at  ship  was  determined  was  8|  miles :  required  tha 
latitude  by  reduction  to  meridian. 

I  a.  1887,  April  ist,  ▲.!!.  at  ship,  and  uncertain  of  my  poslHon,  when  a  chrono- 
meter showed  March  31'  22**  22"^  13*  M.T.G.,  observed  altitude  sun's  l.l.  34*  5s' 40;  again, 
P.M.  at  ship  same  day,  when  chronometer  showed  April  1'  3*>  39"^  22*  M.T.G.,  obeerved 
altitude  sun's  l.l.  31*  20'  30%  height  of  eye  17  feet,  the  ship  having  made  20  miles  on  a  true 
8.W.  oourse  in  the  interval:  required  the  line  of  bearing  when  the  first  altitude  waa 
taken,  and  the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed, 
assuming  the  ship  to  be  between  the  latitudeM  51*  N.  and  50*  30'  N. 

CHART  WORK   FOR   ONLY  AND    FIRST  MATES. 
Usinff  Outlin$  Bngliah  Chann$l  (2Vim)  Chart.    Yar.  2i»  W. 
L    Using  Deviation  Card  No.  I,  find  the  oourse  to  steer  by  compass  from  A  to 
XJshant  (east  end) ;  also  the  distance. 

A,  Latitude  49^  1 8'  N.  Longitude  f  45'  W. 

II.  With  the  ship**  head  on  the  above-named  compass  cours",  Triavos  bore  by  compass 
8.E.  by  S.,  and  lie  de  Bas  bore  8.  by  W.  ^  W.  by  the  same  oompiv s :  find  the  ship's  position. 

III.  With  the  ship's  head  as  above  lie  de  Bas  bore  by  oomp%ss  R.  by  W.,  and  after 
continuing  on  the  same  course  20  miles  it  bore  8.E.  }  E. :  find  the  position  of  the  ship,  and 
her  distance  from  De  de  Bas  at  the  time  of  taking  the  second  bearing. 

ADDITIONAL  FOR  MASTER. 

lY.  Find  the  course  to  steer  by  compass  from  A  to  XJshant  (see  Q-iestion  1}  to  oonnteraet 
the  effect  of  a  current  which  set  W.  by  8.  ^  8.  (true)  at  the  rate  of  4  miles  an  hour,  the 
ship  making  by  log  35  miles  in  5  hours;  also  the  difttance  the  ship  would  then  make  good 
in  5  hours  towards  XJshant. 

Y.  1885,  August  ist,  at  2^  30>»  a-X.,  being  off  XJshant  by  reckoning,  took  a  cast  of  the 
lead :  required  the  correction  to  be  applied  to  the  depth  obtained  by  the  lead  line  before 
comparinir  it  with  the  dapth  marked  on  the  chart. 

13.  1887,  May  loth,  the  obs.  mer.  alt.  of  star  a*  Centanri,  South  of  observer,  wai 
10*  4'  is't  iodox  oorr,  —  %'  10%  height  of  9j9  iq  U^%  i  required  the  UUtude, 
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In  the  following  table  giye  the  oorreot  magnetic  bearing  of  the  distant  object,  and  thence 
the  deviation. 

Correct  magnetic  bearing. 


Ship's  Head 

StnnLrd 
Compass. 

Bearing  of 

Distant  Object 

by  Standard 

OompasM. 

Bequired. 

Ship's  Head 

by 

Standard 

Oompass. 

Bearing  of 

Distant  Objeot 

byStand'iid 

Oompass. 

Deviation 
Bequired. 

North     .... 

N.E. 

East   

8.B.    

8.  a70E. 

Soutb. 
8.  ai  W. 
8.  27  W. 

Sonth     .... 

S.W 

West 

N.W.     •••• 

8.  ii^W. 
8.  SI  E. 

g-  37  E. 
8.  39  E. 

With  the  deviation  as  above,  give  the  courses  you  would  steer  by  the  Standard  Compass 
to  mdke  the  fjllowing  courses  correct  magnetic. 

Correct  mas<netic  courses :— N.  by  E.  |  B. ;  E.  J  N. ;  S.S.W.  J  W. ;  N.W.  J  N. 

Compass  courses:^ 

Supposing  yon  have  steered  the  following  courses  by  the  Standard  Compass,  find  the 
oorreot  magnetic  coorses  m^de  from  the  above  devi*ition  table. 

Compass  courses :— N.  W.  }  N. ;  S.S.E.  ^  £. ;  E.  by  N.  i  N. ;  N.N.E.  |  E. 

Magnetic  courses  :— 

Ton  have  t>iken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  S.E.  )  S.,  find  the  bearings,  correct  magnetic. 

Compass  bearings :— N.E.  ^  E.  and  N.  by  W.  ^  W. 

Bearings,  Magnetic  :— 

EXAMINATION  PAPER-No.  XIX. 
FOB  SECOND  MATE. 
I.    Multiply  3410050  by  5,  and  179*806  by  3100-5,  by  common  logarithms. 
1.    Diride  '00001400018  by  '00000700009,  and  2004*64  by  34,  by  common  logarithms. 
3— 


H. 


Courses. 


K. 

iV 

6 

a 

a 

a 

6 

4 

5 

5 

6 

4 

3 

8 

8 

6 

8 

6 

4 

6 

3 

4 

6 

5 

E.}S. 
S.E.  by  B. 

West. 
N.W.  by  N. 


'i" 

«9i'E. 

i 

tsTE. 

't 

iS'B. 

i 

11*  E. 

A  point,  lat  46**  ao'S., 
long.  1 76*44'  W.,  bear- 
ing by  compass 

E.  by  N.  i  N., 
dist.  13  miles.  Ship's 
head8.byE.iE.  De- 
viation as  per  log. 


Variation  i  <<»  E. 
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4.  i$87,Septeinl>era3rd,iiil<mg.  ii9'54'B^theob§.awr.alk.of th©wn'ii..iHwm«ir4fi't 
Mnith  South  of  snn,  index  error  —  5'  30%  height  of  eye  18  feet:  required  the  lAtltade. 

5.  In  latitude  61^  54'  N.,  the  departure  made  good  waa  63*5  milei :  required  the  difierenco 
of  longitude  by  parallel  sailiog. 

6.  Bequixed  the  oourse  and  distance  from  A  to  B,  by  oalculat&on  oa  If  ercator'a  principle. 

Latitude  of  A      9'59  S.  Longitude  of  A  140*  5' W. 

Latitude  of  B    ib    o  N.  Longitude  of  B  163    5  E. 

7.  1885,  NoTevber  aotti:  find  the  time  of  high  water,  a.k.  and  P.K.,  at  Woolwiofa,  ' 
Gibraltar,  Cromarty,  Orioan,  and  Batayia,  long.  106^  48'  E. 

8.  1887,  August  iat»  at  4^  1"  ajc.,  appareat  time  at  ship,  in  latitude  59"*  7'  N.,  longi- 
tude 178^  14'  W.,  aun'a  bearing  by  oompasa  N.  i*  30'  W. :  required  the  tnm  amplitude  and 
error  of  the  oompaaa ;  and  aapporing  the  Tariation  to  be  19*  45'  E. :  required  the  doTiation 
of  the  compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9«  1887,  Jaae  14th,  p.k.  at  ship,  latitude  31*  10'  N.,  obserTed  altitude  sun's  l.l.  48*  59'  lo', 
index  correction  4-  i',  height  of  eye  18  feet,  time  by  chronometes  June  14^  is^  15*  40*, 
which,  on  January  and,  was  4"  3o*/as<  for  mean  noon  at  Qreenwich,  and  oa  Maioh  13th  was 
9»  i6*/m<  for  mean  noon  at  Greenwich :  required  the  longitude  by  ohnnoBMter. 

ADDITIONAL  FOB  ONLY  AND  FIRST  MATES. 

10.  1888,  January  xet,  p.m.  at  ship,  latitude  31^  50'  S.,  lons^itude  17^  25^  E.,  sun's 
bearing  by  compass  W.  \  N.,  obserred  altitude  sun's  l.l.  34^  50',  index  correction  o,  height 
of  eye  16  feet,  when  a  chronometer  ibowed,  1887,  December  31^  iB^  24*  ao>  H.T.G.: 
required  the  true  aiimuth  and  error  of  the  compass  from  altitude,  and  also  firom  '*Tim« 
Aslmuth  Tables;  '*  and  supposing  the  variation  to  be  10*  E. :  required  the  deriaiioB  for 
the  position  of  the  ihip's  head. 

XI.  1887,  December  3rst,  a.k.  at  ship,  latitude  by  account  ss*"  N.,  longftnde  78**  B., 
obserred  altitude  sun's  l.l.,  South  of  obserrer,  was  14''  49'  10',  index  error  —  3'  io%  height 
of  eye  19  feet,  time  by  chronometer  December  30^  18^  n^  14*,  which  was  3"^  5*  tiUtw  oa 
mean  time  at  Greenwich :  reqaired  the  latitude  by  redaction  to  meridian. 

13.  1887,  January  a4th,  lm,  at  ship,  and  uncertain  of  my  position,  when  a  chrono- 
meter ahowed  Janusry  23<i  21^  19a  50*  M.T.Gm  obs.  alt.  sun's  l.l.  9*  34'  50* ;  again,  p.k.  at 
ship  same  day,  when  chronometer  showed  January  24'  i**  19"^  la*,  obs.  alt  sun's  I.L. 
x8^  28*  10*,  height  of  eye  17  feet,  the  ship  having  made  23  miles  on  a  true  8.E.  by  E.  course 
in  the  iaterral :  required  the  line  of  bearing  when  the  first  altitude  was  taken,  and  the 
•hip's  position  by  Samner's  Method  when  the  second  altitude  waa  obserred,  assnming  tha 
•hip  to  be  between  the  latitudes  51"  15'  N.  and  50^  45'  N. 

CHART  WORK  FOR  ONLY  AND  FIRST  11ATE3. 
Utmg  OuOim  EngUth  Chtmml  Chart  (Tru$),    Yar.  2i|^  W. 
L    Using  Deviation  Card  No»  II,  find  the  coone  to  steer  by  compass  inoL  A  to  Saltesa. 
ijso  the  distance. 

A,    Latitude  5i<»  ao'  N.  Longitude  ^  30'  W, 

11.  With  the  ship's  head  on  the  above-named  compass  course  Kinsale  bore  by  oompaas 
N.  82)*  W.,  and  Ballycotton  bore  N.  4*  W.  by  the  same  compass :  fiad  the  ship's  position. 

IIL    With  the  ship's  head  as  above  M tnehead  bore  by  compas^  N.  4®  W.,  and  after 
continuing  on  the  same  course  20  miles  it  bore  W.  by  K. }  N. :  find  the  position  of  the  sUp^ 
«nd  her  distance  firom  Minehead  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOR  MASTER. 

lY.  Find  the  oourse  to  steer  by  compass  from  A  to  Saltees  (see  Qaestion  1}  to  countsnot 
the  effect  of  a  current  which  set  N.E.  (magnetic),  at  the  rate  of  3  miles  per  hour,  the  ship 
making  by  log  48  miles  in  6  hours;  also  the  distance  the  ship  would  then  make  good  In  6 
hours  towards  Saltees. 

Y.  1 885,  January  loth,  at  8^  52*  A.K.,  being  off  Kuisale,  Ooast  of  Ireland,  by  reckoning, 
took  a  cast  of  the  lead :  required  the  correction  to  be  applied  to  the  depth  obtained  by  the 
lead  line  before  comparing  it  with  the  depth  marked  on  the  chart. 

13.    1887,  April  nth,  the  obeerved  meridian  altitude  of  star  Sirius,  North  of  < 
ifas  6i<>  3'  soT,  index  ooir.  o^  haight  of  sye  x6  fsat :  nqoind^tha  latUuda. 
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In  th«  followiiig  Mle  gire  the  correol  magnetio  heathig  of  the  dietttnt  oljeoty  and  thenoe 
the  deviAtion: — 

Correot  magnetio  bearing. 


Ship>»He«d 

Standard 
OompuK. 

Betrinirof 

Distant  Object 

by  Standard 

OompaBS. 

DeTiation 
ReqiLzed. 

Ship's  Head 

StanLrd 
Oompa^is. 

Bearing  of 
ristant  object 
by  standard 

Oompasa. 

DeTiation 
Beqaired. 

North  .... 

N.E 

Eart 

8.E 

8.17-E. 

South. 

8.11  W. 

w.6sa 

8onth  .... 
8.W.    .... 
Wpb*    .... 
N.W 

8.  li^W. 
8.  aiE. 
8.  37  B. 
K518. 

"With  the  deviatioQ  as  above,  give  the  cotirsee  yoa  would  steer  by  the  Standard  Oompass 
to  make  the  following  courses  correct  magnetic. 

Correct  magnetio  ooorses :— N.  by  E. }  E. ;  E.  J  N. ;  8.8.W.  J  W, ;  N.W.  J  N. 

Oompass  courses : — 

Supposing  you  haye  steered  the  following  courses  by  the  Standard  Compass,  find  the 
correct  magnetio  conrdos  made  ixxmi  the  above  deviation  table. 

Compass  courses :— N.W.  i  N. ;  S.8.E.  }  E. ;  E.  by  K.  |  N. ;  N.N.E.  |  E. 

Magnetic  courses  :— 

Ton  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  N.K  J  E.,  find  the  bearings,  correot  magnetic. 

Compass  bearings :— N.E.  ^  E.,  and  N.  by  W.  ^  W. 

Beatings,  magnetic  :— 

EXAMINATION  PAPEE— No.  XX. 
FOR  SECOND  MATS. 
I.    Multiply  1000*025  by  1*0635,  ^^^  '034633  by  '397302,  by  common  logarithms. 
1.    Divide  S100900  by  900,  and  ^00005  by  1*5,  by  35,  and  by  '0000025,  by  oommon  logs. 
3-— 

H.  Courses. 


K 

•h 

»3 

1 

12 

9 

«3 

5 

«3 

4 

3 

6 

4 

4 

3 

4 

12 

2 

12 

4 

12 

6 

12 

8 

2 

4 

2 

3 

2 

3 

3 

6 

6 

1 

6 

8 

7 

5 

fi 

5 

12 

3 

11 

6 

11 

7 
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4.  1887,  8ept«»mber  23rd,  ia  longitude  57*  45'  E.,  the  obs.  mer.  alt  of  sun's  lx.  wu 
84'  10' 50',  bearing  North,  index  error  —  i'  36',  height  of  eye  16  feet:  required  the  latitude. 

5.  In  latitude  53''  S.,  the  departure  made  good  ifas  136  miles  due  East:  required  the 
difference  of  longitude  by  parallel  sailing. 

6.  Bequired  the  course  and  distance  from  A  to  B,  by  calculation  on  Mercatot's  principle. 

Latitude  of  A    5*21' N.  Longitude  of  A  163*    i' B. 

Latitude  of  B  36  50  8.  Longitude  of  B    73    6  W. 

7.  1885,  August  12nd :  find  the  time  of  high  water,  a-m.  and  P.K.,  at  Cadis,  Arbroath, 
Dunbar,  and  Westport  (Ireland). 

8.  1 887,  November  5th,  at  s^  ion  p.^,,  spparent  time  at  ship,  latitude  ao*  4/  N.,  longitude 
116®  45'  E.,  sun's  bearing  by  compass  S.W.  }  W. :  required  .the  true  amplitude  and  error 
of  compass;  and  supposing  the  variation  to  be  1^  o'  E.:  required  the  deviation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  August  5th,  JL.U,  at  ship,  latitude  30**  30'  N.,  observed  altitude  sun's  is.li. 
35*  6'  o",  index  correction  o,  height  of  eye  16  feet,  time  by  chronometer  9!^  39*  22*  tju^ 
which,  on  July  8th,  was  29*  ^x^'^fut  fjr  mean  noon  at  Greenwich,  and  on  July  aoth 
was  y^/a$t  for  mean  noon  at  Greenwich:  required  the  longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  FIBST  MATES. 

10.  1887,  August  13th,  mean  time  at  ship  9<&  5a  20*  ▲.k.,  latitude  30^  46'  8.,  longitude 
78®  50'  W.,  sun's  magnetic  azimuth  N.  25^  E.,  observed  altitude  son's  l.l.  27*  12  o*,  index 
error  4-  >'  45%  height  of  eye  2 1  feet, :  required  the  true  azimu  h  and  error  of  the  compass ; 
and  supposing  the  variation  to  be  16"*  20'  B. :  required  the  deviation  of  the  compass  for  the 
position  of  the  ship's  head  at  the  time  the  observation  was  taken. 

11.  1887,  June  i2ih,  p.K.  at  ship,  latitude  by  account  15^  50'  8.,  long.  72^  12'  R,  the 
observed  altitude  of  sun's  l.l.,  North  of  observer,  was  50^  10'  10%  index  correction  —  y  40% 
height  of  eye  26  feet,  time  by  watch  ix'  o*^  28*  40",  which  had  been  found  to  be  4*  44*  slow 
on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the  West  since  the  error  of 
wat<^  on  apparent  time  at  ship  was  determined  was  16^  miles :  required  the  latitude  by 
reduction  to  meridian. 

IS.  1 887,  November  3rd,  a.ic.  at  ship,  and  unoertain  of  my  position,  when  a  chronometer 
showed  November  a'  22>>  38"  45*  M.T.G.,  observed  altitude  sun's  L.L.  18®  53'  50*;  again, 
P.X.  at  ship  same  day,  when  chronometer  showed  November  3'  2*>  44"  15*,  observed 
altitude  sun's  l.l.  16°  32'  30',  height  of  eye  19  feet,  the  ship  having  made  15  miles  on  a 
true  E.  by  S.  i  8.  course  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude 
was  taken,  and  the  ship's  position  by  8umner's  Method  when  the  second  altitude  was 
observed,  assuming  the  diip  to  be  between  the  latitudes  51*  4^  N.  and  51^  15'  N. 
CHART  WORK  FOB  ONLY  AND  FIBST  MATES. 
Outline  Snglish  C%ann§l  Chart  (Dru$),    Var.  21^*  W. 

I.  Using  Deviation  Card  No.  II,  find  the  oourse  to  steer  by  compass  from  A  to  Smalls, 
also  the  distance. 

A,    Latitude  5i«  58' N.  Longitude  7*  15' W. 

n.  With  the  ship's  head  on  the  above-named  compass  course.  Hook  Point  bore  by 
compass  N.N.E.  |  E.,  and  Satlees  bore  E.  by  N.  by  the  same  compass:  find  the  ship's  position. 

IIL    With  the  ship's  head  as  above  Saltees  bore  by  compass  N.E.  f  E.,  and  after 
oontinning  on  the  same  course  15  mUes  it  bore  N.  by  W.  ^  W. :  find  the  position  of  ship^ 
and  her  distance  from  Saltees  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOB  MASTEB. 

lY,  Find  the  course  to  steer  by  compass  from  A  to  Smalls  (see  Question  I)  to  oonnteraot 
the  effect  of  a  current  which  set  N.E.  by  E.  i  E.  (true)  at  the  rate  of  3  miles  per  honr,  the 
ship  making  by  log  24  miles  in  4  hours;  also  tlie  distanoe  the  ship  would  then  make  good 
in  4  hours  towards  Smalls. 

v.  1885,  February  9th,  at  11^  o»  jlk.,  being  off  the  Saltees'  light,  liy  reckoning,  tock 
a  cast  of  the  lead ;  required  the  correction  to  be  applied  to  the  depth  obtained  by  the  lead 
line  before  comparing  it  with  the  depth  marked  on  the  chart 

13.  1887,  December  7th,  the  obs.  mer.  alt.  of  star  a  Arietts,  South  of  observer,  waa 
tfeP  99'  50*1  indaz  ^oixeoiion  —  2'  10%  height  of  ^e  18  ie^:  nqaiivd  ths  laUtoda. 
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In  the  following  tftble  g^ive  the  correct  magnetic  bearing  of  the  dibtant  object,  and  thence 
the  deviation  :— 

Correct  m«ignetic  bMiniig. 


GQiip'sHeftd 

StutSard 
OgmpaM. 

B<>uiiifrof 

Diiitant  Olijeot 

by  Sumdari 

OompMS. 

Deriation 
BequixwL 

Ship's  nead 

Stanlard 
Oompaas. 

BearinRof 

D  atant  Object 

by  standard 

Oompaas. 

DerUHon 
Eequired. 

North.... 

N.E 

KMt 

6.E 

8.    S«*W. 
W.    6S. 

N.  57  W. 
W.  64  N. 

South  .... 

8.W 

Wftst    .... 
N.W 

N.   30»W. 
W.  21  N. 
W.    8  8. 
8.    46  W. 

With  the  deviation  as  ab^ve,  give  the  coarsee  you  would  steer  by  the  Sumdard  Compais 
to  make  the  following  ooorses  correct  magnetic. 

Correct  magnetic  courses :— W.  f  N. ;  S.E.  |  E. ;  N.  by  E.  }  K ;  8.  by  E.  |  E. 

Compass  coarses :— 

Sapposing  yoa  have  steered  the  following  coarses  by  the  Standard  Compass,  find  the 
correct  magpsetic  coarses  made  from  the  above  dsTiation  table. 

Compass  courses  :-E.  J  N. ;  8.  by  W.  J  W. ;  N.W.  }  W. ;  S.W.  by  W.  J  W. 

Magnetic  coarses : — 

You  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Compass 
as  above,  with  the  ship's  head  at  8.  E.  ^  E.,  find  the  beAriuRS,  correct  magnetic. 

Compass  bearings :^8.  |  W.;  W.  by  N.  i  N.;  and  £.  i  N. 

Bearings,  magnetic  :— 

EXAMINATION  PAPEE-No.  XXI. 
FOB  SECOND  MATE. 
I.    Multiply  7642  by  7429*5,  and  '00064  by  10*0004,  by  common  logarithms. 
s.    Divide  '39765  by  25,  and  loooooo  by  *ooooooi,  by  common  logarithms. 
3— 
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Coarses. 

K. 

A 

Winds. 

Lee- 
way. 

Deviation. 

Bemarks,  Ac. 

4 

-or  v«  xr 

ptH. 

99  xsr 

A    .>^:.*    1^4 •  vr 
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4.  1887,  Jane  95th,  in  longitode  59**  15'  E.,  the  obe.  mer.  alt.  of  the  iiin's  V.X..  wa 
6d*  23'  15',  bearing;  North,  index  error  -|-  2'  ai',  height  of  eye  30  feet :  rpqaifed  thelmtitadft. 

5.  In  latitude  38**  46',  the  departure  made  good  was  lao  milee  West:  required  the 
diiference  of  longitude  by  Parallel  Sailing. 

6.  Bequired  the  conree  and  distance  from  (A)  Cipe  Ea<t,  New  Zealand,  to  (B)  San 
Franoiaoo^  by  calotilatton  on  Mereator's  principle. 

Latitu  ^e  of  A  37*'  40'   8.  Longitude  of  A  178*  36*  E. 

Latitude  of  B  37  48*5  N.  Lougilude  of  B  lai  24  W. 

7.  1885,  Aufrnst  19th:  find  the  time  of  hiflrh  water,  A.K.  and  tm-^  at  SknU,  Tarbert^ 
New  Ross,  and  Sandy  Hook  (New  York),  long.  74<>  W. 

8.  1887,  June  a4th,  at  6^  ▲.]<.,  apparent  time  at  ship,  in  latitude  oP,  longitude  is*  3' W., 
eun's  bearing  by  oompaaa  S.E.  by  B.  }  & ;  required  the  true  amplitude  and  error  of 
compass;  and  supposing  the  variation  to  be  a  i®  40'  W.;  required  the  deviation  of  the 
compass  for  the  position  of  the  ship's  head  at  the  time  of  obeerration. 

9.  1887,  September  a  and,  a.m.  at  ship,  lat.  0%  observed  altitude  sun's  u.L.  17*  20'  40% 
index  corr.  —  i'  18*,  height  of  eye  ao  faet,  time  by  ohronometer  September  a  a'  ^^  59»  i6*, 
which,  on  April  30th,  was  15*  tlow  for  mean  noon  at  Greenwich,  and  on  June  ist  was  io*-6 
fiut  for  mean  noon  at  Greenwich :  required  the  longitude  by  ohronometer. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1 887,  March  a  1  st,  mean  time  at  ship  3^  1 5"  p.m.,  latitude  9^  7'  S.,  longitude  159^  4'  W., 
sun's  magnetic  aaimnth  W.  ^  S.,  observed  altitude  sun's  l.l.  4a*  49'  45',  index  correction 
i—  3'  14',  height  of  eye  ai  feet:  required  the  true  asimuth  and  error  of  the  compass;  and 
supposing  the  variation  to  be  7^  50'  E. :  required  the  deviation  of  the  compass  for  tho 
position  of  the  ship's  head  at  the  time  the  observation  was  taken. 

11.  1887,  October  4th,  A.M.  at  ship,  latitude  by  aooount  30"  14'  8.,  longitude  140P  30^  E., 
tiie  observed  altitude  of  the  sun's  l.l.,  North  of  the  observer,  was  63^  37'  lo*,  index  ootreo- 
tion  —  i'  15',  height  of  eye  ai  feet,  time  by  waCoh  Ootobar  }'  aa^^  37"  15*,  which  had  been 
found  to  be  fi*  io«  ao"  slow  on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the 
East  since  the  error  of  watch  on  apparent  time  at  ship  was  determined  was  13!  miles: 
required  the  latitude  by  reduction  to  meridian. 

la.  1 887,  January  i6th,  l,u.  at  ship,  and  uncertain  of  my  position,  when  a  ohronometer 
showed  January  16^  ^^  7'*  58"  M.T.G.,  observed  altitude  sun's  l.l.  13*  10'  30*;  again,  p.m. 
at  ship  same  day,  when  chronometer  showed  January  16'  ii^*  af*  8%  obeerved  altitude 
sun's  L.L.  150  17'  30',  height  of  eye  17  feet,  the  ship  having  made  36  miles  on  a  true 
N.E.  by  E.  course  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude  was 
taken,  and  the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed, 
assuming  the  ship  to  be  between  the  latitudes  49'  o'  N.,  and  49^  40'  N. 

CHART  WORK  FOR  ONLY  AND  FIRST  MATE& 
Outlim  EnglUh  dumnd  Chart  (Tme).    Yar.  19I*  W. 

I.  Using  Deviation  Card  No.  I,  find  the  coniae  to  steer  by  oompass  from  u^mifflln 
Point  to  Riun  Head,  also  the  distance. 

IL  With  the  ship's  head  on  the  above-named  oompass  course  Si  Anthony's  Point  boio 
by  compass  N.W.  ^  N.,  and  Dodman  Point  bore  North  by, the  same  oompass:  find  the 
ship's  position. 

IIL    With  the  ship's  head  as  above  St.  Anthony's  Point  bore  by  oompass  N.N.W.,  and 
after  oontinning  on  the  same  course  10  miles  it  bore  N.W.  by  W. ;  find  the  position  of  the 
■hip,  and  her  distance  from  St.  Anthony's  Point  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOR  MASTER. 

lY.  Find  the  course  to  steer  by  oompass  from  Manaole!  Point  to  Ram  Head  (see 
Question  I)  to  counteraot  the  effect  of  a  current  which  set  E.  by  S.  (true)  at  the  rate  of  a} 
miles  per  hour,  the  ship  making  by  log  9  miles  an  hour;  also  tiie  distanoe  the  ship  would 
make  good  in  a  hoars  towards  Ram  Head. 

Y.  1885,  January  loth,  a»  i8»  a  M.,  being  off  Falmouth  by  reckoning,  took  a  oast  of  the 
lead:  required  the  oorreotion  to  be  applied  to  the  depth  obtained  by  the  lead  line  befon 
eompartng  it  with  the  depth  marked  on  the  chart. 

13.  1887*  J«M  loth,  the  obs.  mer.  alt.  of  star  «  CassiopeA,  South  of  observer,  wag 
If  o'  ao%  index  ooneotion  •(-  34%  height  of  ^e  1 8  foet :  reqoivod  the  latitude. 
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In  thj)  ^qving  ta^le  ^Yethe  ooneot  ffia^fi^  ^riogof  ihedii^^t  q^^  •x^  ^ei^pe 
Oorreot  ^agnetio  bearing. 


Ship's  Head 

Standa^ 
Oompav. 


North 
N.E. 


Bearing  of 

Distant  Otyjeot 

by  Siandard 

Oomj^asQ. 


N.  78*B. 
B.  21  B. 

£.291 


Deriation 
Beau^red. 


Ship's  Head 

Standard 
Oompasa. 


Bonth 
8.W. 
Weal 
N.W. 


Bearing  of 

Distant  01>J6Ct 

byStandtdrd 

Con^aai. 


8.  89*B. 
N.  66  B. 
B.  23  N. 
B(.79BS. 


Deriation 
Beqnired. 


With  the  deTiation  as  above,  give  the  ooanes  yoa  woald  steer  by  the  Standard  Compaq 
t«  make  the  following  coarsM  oorreot  magnetic. 

Cbneet  magnetic  oonrses:— N.  |  B.;  B. }  8.;  8.  }  B.;  W.  J  8. 

Oompasa  ooni see:— 

Sappoeing  yon  have  steered  the  following  conrses  hj  the  Standard  Ck>mnaB8.  find  the 
oorreet  magneitio  oonrtes  made  firom  the  above  deviation  table. 

Oompass  courses t—N.B.  i  B.;  8.8X  i  B.;  W.  |  K.;  N.by  W.  i  W. 

Oorreot  magnetic  conrses  :— 

YoQ  have  taken  the  following  bearings  of  two  distant  objoc^  by  your  ^tapda^  Compass 
as  above,  with  ship's  head  at  S.W.  by  W.  I  W^  find  the  bearing  correct  magnetlg. 

Compass  bearings :—N.E.  J  N.  and  B.fN.  "^   ^ 

Bearings,  magnetic :— 

FOB  8BOOI7D  MATE. 
I.    Hnltiply  3846*2  by  295*64,  and  68250625  by  '07638,  by  common  Ugailthms. 
a.    Divide  6858009  by  2*766407,  and  120500  by  120*5,  hj  common  logarithms. 
3—  .-..-. 


.  T    i  '■  ' 

.  H. 

Conrses. 

E. 

A 

Winds. 

1^ 

way. 

Deviation. 

Remarks,  ftc. 

I 

W.N.W. 

»3 

4 

6.B* 

pts. 

0 

43i*B. 

Apoinjl,lat.5.*8fN.. 

2 

*3 

lon|r.  1*25' B.,  bearing 

3 
4 

W.iS. 

«3 
10 

9 

6 
6 

SJ9.W. 

i 

43*B. 

EUs'^ 

9 

4 

Hon  as  per  log. 

} 

West 

9 

1 

i 
5 

4 

N.N.W. 

1 

43i*B. 

•♦ 

10 

8 

4 

II 

8 

4 

11 

8 

6 

K.|B. 

9 

i 

] 

9 

4 

\ 

6 

4 

North. 

10 

i 

10 

6 

ri 

10 

4 

N.W.JW. 

7 

4 

1 

10 

7 

II 

7 

4 

la 

7 

a 

000 
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4.  1887,  AngQflt  36th,  in  lonffitnde  92*  3'  E.,  0>>8eryed  meridian  altitnde  inn's  x-i.  wag 
35®  35'  20»  bearing  North,  index  error  +  a'  17*,  height  of  eye  12  feet :  required  the  Utitnde. 

5.  In  latitude  17*  15'  K.,  the  depirture  made  good  was  171*5  miles:  required  the 
diffdrenoe  of  lon«itode  by  pnr'tllel  sailing. 

6.  Beqnired  the  oonrse  and  distanoe  from  A  to  B,  by  calcnlation  on  Heroator's  prinoiple. 

Latitude  of  A  55^40'  N.  Longitnde  of  A    »•  25'  W, 

Latitude  of  B  50  25  N.  Longitude  of  B     3  40  E. 

7.  1885,  June  32nd :  find  the  time  of  hiffh  water,  a.m.  and  p.k.,  at  Flambro'  Head,  Peter- 
head, Orinan,  8t.  Ivea,  Cape  Wrath,  and  Whitby. 

8.  1887,  September  a  3rd,  at  6^  o^  p.m.,  apparent  time  at  ship,  in  latitude  51^  3'  S^ 
longitude  152°  17'  E.,  sun's  bearing  by  compass  W.  15^  S. :  required  the  true  amplitude 
and  error  of  compisi;  and  supposing  the  Tariation  to  be  20°  16'  E. :  required  the  deriation 
of  the  compass  for  the  position  of  the  ship's  head  at  the  time  of  obserration. 

9.  1887,  August  28th,  P.M.  at  ship,  latitude  5°  S.,  obserred  altitude  sun's  L.L.  38*  &  o*, 
index  oorreotiou  -{-  5^  20',  height  of  eye  21  feet,  time  by  chronometer  August  27^  22^  20"  30^, 
which,  on  February  19th,  was  ion  ^low  for  mean  noon  at  Greenwich,  and  on  May  30th  wae 
1*  20*  iiaw  for  mean  noon  at  Greenwich :  requimd  the  longitude  by  chronometer. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1887,  June  15th,  mean  time  at  ship  7^  32"  p.k.«  latitude  59"  $$'  N.,  longitude 
75*  17'  E.,  sun's  magnetic  asimuth  N.  J  E.,  obserTed  altitude  sun's  l.l.  9*  15'  40%  index 
error  o,  height  of  eye  17  feet:  required  the  true  asimuth  and  error  of  the  compass;  and 
supposing  the  yariation  to  be  50°  40'  W. :  required  the  deviation  of  the  oompass  for  tke 
position  of  the  ship's  head  at  the  time  the  obseryation  was  taken. 

11.  1887,  August  28th,  P.M.  at  ship,  latitude  by  account  7  }<*  20'  N.,  longitude  88*  39'  W., 
observed  altitude  sun's  X..L.,  South  of  observer,  was  26*  13'  40',  index  error  —  i'  30% 
height  of  eye  26  feet,  time  by  watch  38'  o^  50»  58%  which  had  been  found  to  be  26*  58* 
fui  on  apparent  time  at  ship,  the  difference  of  longitade  made  to  the  West  since  the  error 
of  watch  on  apparent  time  at  ship  was  determined  was  2i''3:  required  the  latitude  by 
lednotion  to  meridian. 

12.  1887,  August  9th,  A-K.  at  ship,  snd  uncertain  of  my  position,  when  a  chronometer 
showed  August  8^  i6>^  12"  i«  M.T.G.,  observed  altitude  sun's  l.l.  50*  30'  10*;  again,  p.m.  at 
■hip  same  day,  when  chronometer  showed  August  8'  19*^  51"  47*,  observed  altitude  sun's  l.l. 
52°  50'  o*,  height  of  eye  ai  feet,  the  ship  having  made  32  miles  on  a  true  S.  by  W.  |  W. 
course  in  the  interval:  required  the  line  of  bearing  when  the  first  altitude  was  taken, 
and  the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed, 
MtfTiming  the  ship  to  be  between  the  latitudes  46*  30'  N.  and  46*  o'  N. 

OHABT  WORK   FOR   ONLY  AND   FIRST  MATES. 
Vtin^  OtaUfU  BnglUh  Channel  fUagmtie)  Chart,    Yar.  iq^^  W. 

I.  Using  Deviation  Card  No.  I,  find  the  course  to  steer  by  oompass  from  the  Liiard 
to  the  Start,  also  the  distance. 

n.  With  the  ship's  head  on  the  above-named  oompass  course  the  Liswd  Lights  bore 
by  oompass  W.  |  N.,  and  St  Anthony's  bore  by  the  same  oompass  N.N.E.  \  E. :  find 
the  ship's  position. 

III.    With  the  ship's  head  as  above^  St.  Anthony's  bore  by  oompass  N.E.,  and  after 
oentinuing  on  the  same  course  14  miles  it  bore  N.W. :  find  the  position  of  the  ship  and 
her  distance  from  St  Anthony's  at  the  time  of  taking  the  second  bearing. 
ADDITIONAL  FOR  MASTER. 

lY.  Find  the  course  to  steer  by  compass  from  the  Lisard  to  the  Start  (see  Question  1} 
to  oounteraot  the  effect  of  a  current  which  set  W.  by  S.,  magnetic,  at  the  rate  of  i)  mile 
per  hour,  the  ship  making  by  log  40  miles  in  4  hours,  also  the  distanoe  the  ship  would 
then  make  good  in  4  hours  towards  the  Start 

Y.  1885,  December  22nd,  at  6^  54"*  a.m.,  being  off  the  Lizard  by  reckoning,  took  a  cast 
of  the  l<*ad :  required  the  correction  to  be  applied  to  the  depth  obtaioed  by  the  lead  line 
before  oompariog  it  with  the  depth  marked  on  the  chart 

13.  1887,  September  nth,  the  observed  meridian  altitude  of  star  a  Casniopesd.  North  of 
observer,  was  6i*  24'  50*,  index  oorreotion  »  7'  30%  height  of  eye  19  foet:  required  the 
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In  the  following  table  give  the  correct  magnetic  bearing  of  the  distant  object^  and  thenoe 
the  daviatioa :— - 

Correct  magnelio  bearing. 


Ship's  HMd 

by 

Standard 

Oompass. 

Bearinff  of 

Distant  Objsot 

by  Standard 

Gompads. 

D«TUtion 
Bsquixed. 

Ship's  Head 

Standard 
Gompaas. 

Beaiinffof 

Distant  Object 

by  Standard 

Oompass. 

Deviation 
Beqnired. 

North  .... 

N.E 

Esst 

H.P. 

8.  44'W. 

I'  ^'  Z' 
8.  45  W. 

8.  40  W. 

South  .... 

8.W 

West   •... 
N.W 

8.  I7*W. 

South. 
8.  14  W. 
8.  35  W. 

With  the  deviation  as  above,  give  the  coursea  yon  would  steer  by  the  Standard  Ck>inpau 
to  make  the  following  courses  correct  magnetic. 

Correct  magnetic  courses  :—S.W. ;  N.  15**  E.;  E.8.E. 

Compasi  couraee : — 

Supposing  yon  have  steered  the  following  oonnes  by  the  Standard  Compass,  find  the 
correct  magnetic  courses  mide  from  the  above  deviation  table. 

Compass  courses:— S.W.;  West;  E.  by  N. 

Correct  magnetic  courses:— 

Yon  have  taken  the  following  bearings  of  two  distant  objects  by  your  Standard  Oompati 
as  above,  with  the  ship*8  head  at  North,  find  the  bearings,  oorrect  magnetic 

Compass  bearings :— North  and  E.  |  N. 

Bearings,  magnetic :— - 

EXAMINATION  PAPER-No.  XXm. 
FOB  SECOND  MATE. 
I.    Multiply  81000  by  25000,  and  80400  by  325,  by  common  logarithms. 
a.    Divide  9869*25  by  '075,  and  looooo  by  '125,  and  by  -00125  by  common  logarithms. 
3— 
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Winds. 
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4.  1887^  S^iftettiber  tst,  in  longitude  97''  4a'  E..  tiM  o^.  meir.  alt.  of  the  iim*i  t^  wu 
51^4'  50*,  obterTor  Soath  of  son,  index  error — 6 ',  height  of  eye  2  3  feet :  reqoirdd  tiie  Utltufc. 

5.  In  latitude  s°  10'  N.,  the  depkHidre  mad^  good  was  a  10  miles :  required  the  dilliBrenoe 
of  longitude  by  Parallel  Sailing. 

6.  Beqnired  the  oonrse  and  distanoe  from  A  to  B,  bf  caionhtion  on  MercaWa  prinoiple. 

tatftttdoof  A58*3o'S.  Borfgftude  of  i  ^47*  4o"W. 

tiatitnde  of  B  40  58  N.  Longitude  of  B  176  59  E. 

h,  i885,I>eoeml)er  ist :  find  the  time  of  high  water,  A.k.  and  p.x..  at  Atoachon,  Falmouth, 
Bndlington,  Padatoir,  Gonrtnlaotherry,  and  Port  Boyal,  bug.  77°  W. 

b.  1887,  Deoembet  !>4th,  i^t  ioi>  ^i^  A.if.,  apparent  time  al  ^p,  in  'latitude  64''  5^'  N., 
loi^gitude  35<*  48'  W.,1iun'b  bearing  by  oompasa  S.  |  W.:  required  the*true  amplitude  and 
error  of  compass ;  and  supposing  the  Tariation  to  be  i*  so'  E. :  required  the  deviaUon  ^f  the 
oobpaas  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1887,  April  15th,  A.X.  at  ship,  hititude  48^  5a'  N.,  obfteryed  alftjtade  sun's  l.l.  aa*  18*, 
index  oorr.  —  4'  height  of  eye  17  feet,  time  by  chroaometer  April  14"'  aa^  3o»^  4a%  which,  on 
January  lath,  was  o«  I'fut  for  ttMo.  nooti  kt  Greenldoh,  and  gaining  c^'sS  ^J  •  required 
the  longitude  by  ohrouometw. 

ADDITIONAL  FOR  ONLY  AND  FlftST  MATES. 

10.  1887,  September  asrd,  p.k.  at  ship,  latitude  40°  o'  K.,  longitude  i6a*  10'  E.,  sun's 
bearing  by  oompass  W.  1 8.,  obsarred  altitude  sunli  l.l.  31°  59'  50*,  index  oorr.  -(-  ^  30^, 
height  of  eye  ao  feet,  when  a  chronometer  showed  September  aa^  16^  6^  ao*  M.T.G. : 
TOquircd  the  trtie  aiimuth  and  error  of  the  compass  firom  altitude,  and  also  "froth**  Time 
Aaimuth  Tables ; "  and  supposiag  the  variation,  to  he  ao*  W. :  tfaquited  this  deviation  tor 
the  position  of  the  ship's  head. 

1 1.  1887,  September  sand,  p.k.  at  ship,  latitude  by  aoct  40''  35^^.,  longitude  lai''  34'  W., 
the  observed  altitude  of  the  suh's  L.*t.,  South  of 'tlie  obborVeb^  #ms  49*  36'  30^,  index  error 
—  6'  15',  height  of  eye  15  feet,  time  by  ehronometer  September  aa'  8^  7»  57%  which  was 
3B  15*  thw  on  mean  time  at  Greenwich :  required  the  latitude  by  reduction  to  meridian. 

I  a.  1887,  November  a6th,  A.K.  at  ship,  and  uncertain  of  my  position,  when  a  dhrono- 
meter  showed  November  a6<i  a^  39™  15*  M.T.G.,  observed  altitude  sun's  l.l.  ri^  ao' ;  again, 
».K.  at  ship  same  day,  when  chronometer  showed  November  36^  6^  49™  49*  M.T.G^  observed 
altitude  sun's  l.l.  16*  35'  lo*,  heigbit  of  eye  33  feet,  the  ship  having  made  la  miles  on  a  trtie 
S.  W. )  W.  course  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude 
WW  taken,  and  the  ditp's  tKxrittoh  by  Sumnei^  Method  irhen  the  second  altitude  wtM 
observed,  assuming  the  ship  to  be  between  the  latitudes  49°  </  N.  and  49"  30'  N. 
OHABT  WORK  FOB  ONLY  AND  FIBBT  MATES. 
UHng  Ouam$  Engiuh  Ohmma  Chart  (DrmJ.   Yar.  18*  W. 

I.  Using  Deviation  Odtd  No.  I,  find  the  oourse  =to  state  1)y  Compass  fr«n  Blunhrid|^ 
Point  to  Peeamp,  also  the  distance. 

n.  With  the  ship's  head  on  the  above-named  oompass  couxto  the  Nab  light  boro  by  ooih- 
pass  N.  I E.,  and  the  Owets  bore  E.  by  S.  by  the  same  oompalss :  find  the  ship's  position. 

m.    With  the  ship's  head  as  'above  the  Owers  bore  b^  compass  E.  |  N.,  Imd  affasr 
oontinuing  on  the  same  oourse  10  kniles  it  bore  N.N.E.  |  E. :  find  the  position  of  tho  ship, 
and  her  distance  from  the  Owers  ait  the  time  of  taking  the  seooitd'  bearing. 
ADDITIONAL  FOB  M^TEE. 

IV.  Find  the  oour^  to  steer  by  compass  from  Bembridge  Point  to  Fecamp  (dr  Horn  'A 
to  B)  (see  Question  I)' to  counteract  the  effect  of  a  current  whidh  set  N.W.  (true)  Et  the 
rate  of  a|  miles  an  hocir,  the  ship  kuAldng  by  log  10  miles  an  hour;  also  the  dirftarttoe  the 
ship  would  make  good  in  3  hours  and  in  i  hour  towards  Feeaknp. 

¥•  1885,  February  ist,  at  i^  1 6*  p.m .,  mean  time  at  ship,  be&ng  off  Fecamp  by  rtokbning, 
took  a  east  of  the  lead :  required  the  correction  to  be  applied  to  the  depth  obtaindd  by  the 
Isad  line  before  comparing  it  with  the  depth  marked  on  the  chart. 

13.    18879  August  30th,  the  obs.  mer.  alt  of  star  /9  Gentaori,  South  of  observeri  was 
'  Sf  49'  '3% U'dtt  ooir.—  %\  heigUt  of  ^ye  25  tet:  reqoirtd  tiia  latitnd*. 
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la  the  IbttDwiiig  Mle  gm  th«  ooneot  Magnefcio  bearing  «f  the  dblaiit  etjtet,  uid  thence 
lie  deviMluh. 

Corrcot  megnetio  be«riDg. 


8bip*BHead 

8t«adsrd 
CtomiMM. 

B^ariiurof 

Distant  O'jt'ot 

by  Standard 

OompaaB. 

iHmation 
Bequizvd. 

Ship'iHead 

StanLvd 
Gompaat. 

Bearing  of 

Distant  Object 

byetandard 

Gompaes. 

Deviation    ' 
Bequired. 

North.... 

N.B 

lUei 

8.E. 

S.  78°ft. 
K.  68  E. 
N.  37  «. 
N.  36  E. 

Sooth  .... 
«.w.   .... 
West   •  •  • » 
N.W 

N.44'»B. 
N.<7  B. 

Easr. 
8.  80E. 

With  the  deviaftkm  as  abon*,  give  the  coatiee  yon  woald  eteer  by  the^^tamdanl  Oon^paaa 
#0  make  the  foUotring  cosnea  oorreet  magnetic. 

Oorrect  Maignetio oonxsea :— S.  1 8.;  N.B.;  N.  by  W.  |  W. ;  &  by  W.  f  W. 

Obmpaaa  ■oomreea : — 

Snppoeing  yon  have  steered  the  following  oonnee  by  the  Standard  Oom{HMay  find  the 
oorrect  magnetic  oonrees  madts  from  die  abore  deyiatioki  table. 

Oom|>flis  courses  :~S.W.;  W.  |  N.;  '8.  }  E.;  N.E.  }  E. 

Oorreet  ikiagnefie  cotirses  :— 

YoQ  haye  taken  the  following  bearings  of  two  distant  bbjeots  by  yonr  Standard  Compass 
IB  above,  with  the  ship's  head  at  N.  by  E.  |  £.,  find  the  bearings,  oorrect  magnetic. 

Oompaas  bearings :— South  and  N.  |  E. 

Beatings,  magnetic  :-^ 

EXAMINATION  PAPER-N4>.  XXIV- 

FOR  SECOND  MATE. 
I.    Httltiply  41375  by  240,  and  3*86007  by  '002973,  by  common  logarithms. 
1.    Divide  900009  by  100001,  and  306250  by  1*75,  by  common  logarithms. 
3-— 


Courses.        K. 


HU 


North. 

0 

i6i*E. 

N.^y'B. 

i 

iQ^B. 

Bast. 

«t 

WB. 

East 

3i 

6^^. 

N.by£.}E. 

i 

3oi«K 

Apolnt,lat.37»45'N., 
loDg.o"58'W.,  bearing 
by  oompaM  W.  4  N^ 
diet.  42  miles.  Ship's 
head  E.  }  8.  Dem- 
tion  as  per  log. 


Variation  14*  W. 


N^ 
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4.  1SS7,  Deoember  ist,  in  longitode  67"  56'  E.,  the  obs.  mer.  alt  of  the  Ban's  L.I..  wai 
iS°  4S'  io%  bearing  8oatb,  index  error  —  3'  6%  height  of  eye  18  feet:  required  the  latitiida. 

5.  la  latitude  37*  45'  8.  the  departure  made  good  was  208  9  miles :  required  the  differenoa 
of  loairitnde  by  Parallel  Sailing. 

6.  Heqairei  the  ooune  and  distance  from  A  to  B,  by  oaloulation  on  llerostor^s  principle. 

Latitude  of  A    5^*28' S,  LongitaieofA    3s**i7'W. 

Latitude  of  B  15  13  N.  Longitude  of  B  Meridian  of  Greenwich. 

7.  1885,  April  loih :  find  the  time  of  high  water,  a.m.  and  p.m .,  at  Morlaiz,  lie  de  Sein, 
Ecrehous,  Pensanoe,  Limerick,  Duamanus  Harbour,  and  Uobart  (Tasmania),  long.  147*22'  E« 

8.  1887,  February  ist,  at  ii>*  i8'>  p.m.,  apparent  time  at  ship,  la  latitude  7a'' 58'  S^ 
longitude  88*  59'  45'  W.,  san*s  bearing  by  compass  S.  f  E. :  required  the  true  amplitude 
and  error  of  compass;  and  supposing  the  variation  to  be  36*'  20'  E.:  required  the  deviation 
of  the  compass  for  the  position  of  the  ship*s  head  at  the  time  of  observation. 

9.  1887,  August  31st,  P.M.  at  ship,  latitude  on  the  Equator,  observed  altitude  snn's  x..ii. 
45*  5'  3^**  index  correction  —  2'  10*,  height  of  eye  15  teet,  time  by  chronometer  August 
51'  9!*  II"  28%  which,  ou  April  15th,  was  5"  20*  fast  for  mean  noon  at  Greenwich,  and 
on  June  i6th  was  2«  43* /m<  for  mean  noon  at  Greenwich:  required  the  longitude  by 
chronometer. 

ADDITIONAL  FOR  ONLY  AND  FIRST  MATES. 

10.  1887,  June  15th,  mean  time  at  ship  ^^  ii«  41*  p.m.,  latituie  55*  i'  K.,  longitude 
70*  12'  E.,  sun's  bearing  by  compass  N.  J  E.,  observed  altitude  sun's  l.l.  9°  15'  40*,  index 
error  o,  height  of  eye  17  feet:  required  the  true  azimuth  and  error  of  the  compass;  and 
supposing  the  variation  to  be  50*  40'  W. :  required  the  deviation  of  the  compass  for  the 
position  of  the  ship's  head  at  the  time  the  observation  was  taken. 

11.  1887,  Uaroh  2iBt,  P.M.  at  ship,  latitude  by  account  18^  50'  N.,  longitude  108*  47'  K, 
the  observed  altitude  of  the  sun's  L.Xi.,  South  of  the  observer,  was  7 1^  9'  50*,  index  error 
*—  z\  height  of  eye  18  feet,  time  by  watch  March  20^  23^  58"^  12%  which  had  been  foand 
to  be  1 1"  8*  Blow  on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the  East 
since  the  error  of  watch  on  apparent  time  at  ship  was  determined  was  i8|  miles:  required 
the  latitude  by  reduction  to  meridian. 

12.  1887,  August  171b,  A.i(.  at  ship,  and  uncertain  of  my  position,  when  a  chrono- 
meter showed  August  i6<i  8^  o»  20*  M.T.G.,  observed  altitude  sun's  l.l.  28*  14'  10';  again, 
».M.  at  ship  same  day,  when  chronometer  showed  August  16'  i4»  o*  20*  M.T.G.,  observed 
attitude  sun's  L.L.  46*  ^T,  height  of  eye  12  feet,  the  ship  having  made  20  miles  on  a  true 
East  course  in  the  interval:  required  the  line  of  bearing  when  the  first  ^titude  was 
taken,  and  the  ship's  position  by  Sumner's  Method  when  the  second  altitude  was  observed, 
afsnming  the  ship  to  be  between  the  latitude*  49"  30'  N.  and  50*  o'  N. 

CHART  WORK   FOR  ONLY  AND   FIRST  MATE3. 
Using  OtUiitu  English  Channsl  {Trus)  Chart,    Yar.  21^^  W. 
L    Using  Deviation  Card  No.  I,  find  the  course  to  steer  by  compass  from  Einsale 
Heal  to  Smalls  Light;  also  the  distance. 

II.  With  the  ship's  head  on  the  above-named  compass  cours%  Daunt's  Rock  Lisht  bore 
by  oompass  N.  by  \V.  ^  W.,  and  Ballyoottin  Light  bore  by  the  same  oompass  N.E.  |  E. :  find 
the  ship's  position. 

III.  With  the  ship's  head  as  above  Ballyoottin  bore  E.  |  N.,  and  after  continuing 
on  the  same  course  17I  miles  it  bore  N.  by  E. :  find  the  position  of  the  ship,  and  her 
distance  from  Ballyooltin  at  the  time  of  taking  the  second  bearing. 

ADDITIONAL  FOR  MASTER. 

lY.  Find  the  oonrse  to  steer  by  compass  from  Kinsale  to  Smalls  (or  from  A  to  B)  (see 
Question  I)  to  counteract  the  effect  of  a  ourrent  which  set  E.N.E.  (true)  at  the  rate  of  ij^ 
mile  an  hour,  the  ship  making  by  log  3^  miles  an  hour;  also  the  distance  the  ship  would 
then  make  good  in  2  hours,  and  in  i  hour  towards  Smalls. 

Y.  1885,  March  6tb,  at  6^  3z>b  ah.,  off  Ballyoottin  by  reckoning,  took  a  oast  of  the 
lead :  required  the  oorrection  to  be  applied  to  the  depth  obtained  by  the  lead  line  before 
comparing  it  with  the  dapth  marked  on  the  chart. 

13.  1887,  March  31st,  the  obs.  mer.  alt.  of  star  «  Pegasi  (Markab),  North  of  obsenrtr. 
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In  the  following  table  giTe  the  oorreot  magnetic  bearing  of  the  distant  object,  and  thence 
the  deviation. 


Correct  manr'^etic  b<Mirinf)r. 


Ship's  HMd 

SttinLrd 
Coinpus. 

Bearing  of 

DUtant  O^Jcet 

by  Standard 

Compass. 

Deriation 

Ship's  Head 

hy 

standard 

Bearing  Af 

Distant  Object 

by  htand  ird 

Oompass. 

Deriation 
Required. 

North     .... 

N.B. 

East   

8.E.    

N.  I7«E. 

N.    7  W. 

N.    9  W. 

North. 

Soath     .... 

S.W 

West 

N.W 

N.  15°E. 
N.  45  E. 
N.j»  E. 
N.  41  E. 

With  the  deviation  as  above,  give  the  coarses  you  would  steer  by  the  Standard  Compaff 
to  make  the  f  jllowing  coarses  correct  man^netic. 

Correct  magnetic  coorses :— E.  f  S. ;  W.  by  N.  |  N. ;  S.E. ;  W.  by  8.  i  8. 

Compass  coarses  :— 

8appoeing  yoa  have  steered  the  following  coarses  by  the  Standard  Compass,  find  the 
correct  magnetic  coarses  mide  from  the  above  deviitioa  table. 

Compass  coarses :— N.E.  J  N. ;  N.  J  W. ;  8.  J  W. ;  W.  J  N. 

Magnetic  coarses  :— 

Yoa  have  t%ken  the  following  bearings  of  two  distant  objects  by  year  Standard  Compass 
IB  above,  with  the  ship's  head  at  S.W.  by  W.,  find  the  beaiiogs,  correct  magnetic. 

Compass  bearings :— E.  |  S.  and  8.  |  W. 

BeaiingSy  Magnetic  :— 

EXAMINATION  PAPER— No.  XXV. 

FOR  SECOND  MATE, 

1.  Mnltiply  6054  by  913,  and  2070*5  by  62*0898,  by  common  logarithms. 

2.  Divide  ii7'658  by  146-932,  and  3729  08  by  '08378,  by  common  logarithms. 
3.— 


H.          Coarses. 

K. 

A 

Wind*. 

Lee. 
wav. 

Deviation. 

Bemarks,  dec. 

W.  by  S. 
8.byB. 

3i 

50*  W. 
9*W. 

Apoifit,lat.62*2o'N., 
loog.  64*40' W.,  beating 
by  coropHss 

W.  by  N.  1  N., 
dist.  31  miles.  Ship's 
head  8.  |  W.  DevU- 
tion  as  per  log. 

8.  by  B. 

I* 

25*  W. 

4 

North. 

3 

37*  B. 

Variation  59^  W. 

E.N.E. 

0 

2iYE. 

N.  by  E. 

3t 

26i*W. 

A  cnrrent  Pet  (orreot 
maKneti  )E.byS.|S., 
49  miles  from  the  time 
thedepartarAwasUken 
to  the  end  of  the  day. 
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(.  4.    1887,  JuM  III,  ia  loDgitiide  44''  40'  E~  the  oba.  mer,  tit  of  san'i  l.l.  wm  it,*  14'  i^, 
bearing  North,  index  error  -|-  3'  45'»  height  of  eye  21  feet:  reqaired  the  latitude. 

5.  In  latitude  ^a**  3'  8.,  the  departnre  nade  good  was  54  miles  dae  West,  then  80  milee 
North :  reqaired  the  dtiiferenoe  of  longitude  by  parallel  sailing. 

6.  Beqoired  the  coqi«e  and  distanos  tem  A  to  B,  by  oalcaia^on  on  Hefo^toi^s  pE|pciple. 

Latitude  ol  A  s<^  33'  ^?  Longitude  pf  A.  15^  46'  E. 

liatitudeofB  it    48.  Longitude  of  B    77  14  W. 

7.  1885,  January  19th :  find  the  time  of  high  water,  ^.m.  and  p.m.,  at  Ab^deen,  Hontresa, 
Bamsgate,  F«K)amp,  and  Ghat  ham. 

8.  1887,  Deoember  sisi,  at  1 1>>  15™  P.11.,  apparent  time  at  ship,  latitude  66*"  25'  &,  ku^- 
tude  93°  57'  W.,  sun's  bearing  by  oompass  8.  |  E. :  required  the  true  amplitude  aad  enor 
of  oompass;  and  supposing  the  variation  to  be  28^  roC  E. :  requiTe4  the  deviation  of  the 
oompass  for  the  position  of  the  ship's  head  at  the  time  of  obseryation. 

9.  1887,  January  29t.h,  p.m.  at  ship,  latitude  28*  45'  N.,  obserred  altitude  sun's  L.Xi. 
iV^  46'  30',  index  oorreofcion  — -  3'  25',  height  of  eye  16  feet,  time  by  chronometer  J40uary 
28^  16^  31"  30*,  whioh,  on  Deoember  r7th,  1886,  was  i"  i^^'sfui  for  mean  aoon  a|  Qfom* 
wioh,  and  on  January  ist,  1887,  was  i»  y  s^mc  for  mean  noon  at  Gseenwioh:  stquired  the 
longitude  by  chronometer. 

ADDITIONAL  FOB  ONLY  AND  FIBST  MATES. 

10.  1887,  July  10th,  mean  time  at  ship  j^^  i4n  %•  p.m.,  latitude  38^  9'  8.,  ]oogitu4e 
140^  58'  E.,  sun's  magnetic  asimuth  N.  2?  15'  ^.,  observed  altitude  sun's  u.k  14**  s^  39% 
index  error  -{-  3'  30^,  height  of  eye  19  feet, :  required  the  true  azimuh  und  emv  pf  ^e 
oompass ;  and  supposing  the  variation  to  be  6*'  45^  E. :  required  the  deviation  of  tl^e  ooinp^ 
lor  Uie  position  of  the  ship's  head  at  the  time  the  obseryation  was  taken, 

11.  1887,  November  29th,  p.m.  at  ship,  latitude  by  i^soount  6®  20'  8.,  long.  IS3*  25*  1^, 
the  observed  altitude  of  sim's  L.L.,  8outh  of  observer,  was  74*  o'  o',  index  oorreotion  +  4'  o*^ 
height  of  eye  19  feet,  time  by  watoh  November  28^  221^  46"^  o*,  whioh  had  been  found  to  be 
jb  2^m  Qt  «^  on  apparent  time  at  ship,  the  diflforenoe  of  longttnde  nwde  to  the  West  siiioe 
the  error  of  watdh  on  apparent  time  il  sh^  wna  determined  was  12*5  miles :  required  the 
latitude  by  reduction  to  meridian. 

12.  1887,  Ootober  20th,  p.m.  ^-ehip,  and  unoertain  of  my  poeition,  Tl^en  a  ohronqmeter 
showed  Ootober  19^  16^  30^  54*  M.T.G.,  observed  altitude  sun's  Ll.  29^  37'  15";  again, 
P.M.  at  ship  same  day,  when  chronometer  showed  Ootober  19^  19^  44a  50*,  obeerved 
altitude  eun's  Ii.l.  12^  21'  o',  height  of  eye  20  feet,  ^e  ship  having  made  24  miles  on  a 
true  N.N.E.  (  E.  coarse  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude 
WAS  taken,  and  the  ship's  position  by  Sumner's  Method  when  the  second  altitude  wee 
observed^  assuming  the  diip  to  be  between  the  latitades  49*  2of  N.  and  49*  set  N. 

CHABT  WOBK  FOB  ONLY  AND  FIBST  MATE8. 
Outlmi  English  Ckmrnd  Chturt  (Trm).    Yar.  21^*  W. 

L  Using  Deviation  Oard  No.  I,  find  ^e  course  ifi  steer  by  oQmpfss  (90^1  Xmady  Islend 
to  Breaksea  Point,  alio  the  distance. 

n.  With  the  diip's  head  on  the  alMve-named  compass  coiine»  lifraoombe  bore  by  ofm- 
p^  W.  I  N.,  and  Soarweather  lightvessel  bore  I(.E.  by  E.  ^  B.  ^  the  same  oompass:  find 
the  ship's  position. 

IIL    With  the  ship's  head  as  above  Boarweather  lightvessel  bore  by  oompass  E. »  N.  i  N., 
and  after  continuing  on  the  same  course  15  miles  it  bore  N.  ^  W. :  find  the  position  of  t)io 
ship,  and  her  distaaoe  from  8carweather  lightvessel  at  the  time  of  taking  the  flaoond  bearing. 
ADDITIONAL  FOB  MA8TEB. 

lY.  Find  the  course  to  steer  by  compass  from  Lundy  Island  to  Breaksea  Point  (or  firom 
A  to  B)  (see  Question  I)  to  oonnjteiaot  the  eiTect  of  a  eucrent  which  set  Vf.  by  8.  f  8.  (true) 
at  the  rate  of  2  miles  per  hour,  the  ship  making  by  log  20  pules  in  4  hours  t^wvda 
Breaksea  Point. 

Y.  1 885,  April  23rd,  at  10^  28«  A.M.,  being  off  Nash  Point  by  reckoning,  tgok  a  east  of 
the  lead :  required  the  correction  to  be  applied  to  the  depth  obtfdnqd  by  the  lead  line  before 
oemperiag  it  with  the  depth  marked  on  the  chart. 

1 3.  1 887,  May  15th,  the  obs.  mer.  i^t.  of  star  /3  Ononis,  8o^th  of  observer,  was  52^  ^o'  |o% 
ilfdex  oorreotion  —  4'  le*,  height  of  eye  1$  U^ :  required  the  latitodf. 
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In  the  following  table  gire  the  OMieot  magnetio  bearing  of  the  diatant  olgeot,  and  thanee 
the  deriation:— 

Ooneot  magnetic  bearing. 


Ship's  Bead 

StanLrd 
OompMS. 

B«aiiiif  of 

DiflteatOlijeot 

byStaadAxd 

OompMi. 

DcTUtion 
Beqoind. 

Ship's  Heed 

StanLrd 
OompMi. 

Bewinffof 

DiltantOlijeot 

byStandud 

Oompau. 

I>0?iatloii 
Beqnired. 

North.... 

N.B 

EMt 

8JL 

8.  23*2. 
a  II  E. 
8.    5W. 
8.  ao  W. 

8onth  .... 

8.W 

West   .... 
N.W 

8.  iS  E. 
8.  21  E. 
8.  aaE. 

With  the  deriation  as  aboYe,  gi^e  the  oonnei  yon  wonld  iteer  by  the  8tandard  OompaM 
to  make  the  following  oonnei  ooneot  magnetic 

Ckmeotmagnetiooonnes:— 8.|W.;  E.  byK.;  6.B.b7  8.;  W.byK. 

Oompasi  oonziee  :— 

Sni^KMing  yon  hare  steered  the  following  oonnei  by  the  8tandaid  OompaMy  find  the 
ooneot  magnetio  oonnei  made  horn  the  abore  deviation  table. 

CompaM  oonnei :— N.W.  by  N. ;  W.N.W. ;  B.E.  by  E. ;  KJfJE, 

Magnetio  oonnei  :— 

Yon  hare  taken  the  following  bearingi  of  two  diitant  objecti  by  yonr  Standard  OompaM 
ai  aboye,  with  the  ihip'i  head  at  8.E.  by  8.,  find  the  bearingi,  OMreot  magnetio. 

OompaM  bearingi :— N.  S4''  W.,  and  N.W.  by  W.  i  W. 

Bearingi,  magnetio : — 

EXAiaNAHON  FAPEB-No.  XZVI. 
FOR  8E0OND  MATE. 
I.    Multiply  6893  by  11300^  and  *oooi468  by  '000395,  by  oommon  logarithms, 
a.    Diride  7iaa  by  8*9596,  and  268430  by  '00310,  by  oommon  logarithmi. 
3— 

OonriM. 


K. 

A 

7 

ppp 


Digiti: 


zed  by  Google 


AjfA.  (hditutnf  XtiKttMutUoiL 


4.  18S7,  October  iit»  in  loogitude  t^^  40'  K,  the  obi.  mer.  alt  of  the  nm'e  ttj^  wm 
57*  so'  30^,  besring  South,  index  error  —  3'  36%  height  of  eye  17  feet :  required  the  latitude. 

5.  In  latitude  35*  30'  8.,  the  departure  made  good  was  301  milee:  required  the 
difference  of  longitude  by  Parallel  Sailing. 

6.  Bequired  the  oourse  and  distanoe  firom  A  to  B,  by  calculation  on  Meroator^e  principle. 

Latitude  of  A  ^&*  la'  8.  Longitude  of  A  175*  50'  E. 

Latitude  of  B  46  53  K.  Longitude  of  B  174  59  E. 

7.  1S85,  December  17th:  find  the  time  of  high  water,  a.u,  and  p.]f^  at  Santandar, 
Aicadhon,  Scarborough,  Holy  Island,  Montroee,  and  Angra  Peqnena,  long.  15**  E. 

S.  1SS7,  April  S5th,  at  7^  aa»  8«  pjc,  apparent  time  at  ship,  in  latitude  57*  iS'  8.,  longi- 
tude 10 1^  50'  E.,  Bun's  bearing  by  compasi  N.  i  E. :  required  the  true  amplitude  aiod  error 
of  oompaaa;  and  euppoong  the  yariation  to  be  35°  50'  W.:  required  the  deviation  of  the 
oompan  for  the  position  of  the  ship's  head  at  the  time  of  observation. 

9.  1 887,  August  a4th,  A  jf .  at  ship,  lai.  37  *  38*  1 8'  N.,  observed  altitude  sun's  l.l.  37*  1 3'  30*9 
index  corr.  -(-  a'  40*,  height  of  eye  18  feet,  time  by  chronometer  August  24^  6^  ly^  24*  ajc, 
which,  on  August  ist^  was  i"  s^fut  for  mean  noon  at  Greenwich,  and  on  August  loth  was 
o*  4a*  iiaw  for  mean  noon  at  Ghreenwich :  required  the  longitude  by  chronometer. 

ADDITIONAL  FOE  ONLY  AND  FIEST  MATES. 

10.  1887,  November  ist,  mean  time  at  ship  8^  a7>»  41*  a.m.,  latitude  50°  si'  N.,  longitude 
13°  S^  ^'f  nm'*  magnetic  asimuth  8.  ^  W.,  observed  altitude  sun's  l.l.  la*  19'  o',  index 
error  —  3'  ao*,  height  of  eye  a  i  feet :  required  the  true  asimuth  and  error  of  the  compass ; 
and  supposing  the  variation  to  be  33°  ao'  W. :  required  the  deviation  of  the  compass  for  the 
position  of  the,  ship's  head  at  the  time  the  observation  was  taken. 

11.  1887,  Mty  a9th,  a.m.  at  ship,  latitude  by  account  o*  31'  8.,  longitude  150^  40'  W., 
the  observed  altitude  of  the  sun's  l.l..  North  of  the  observer,  was  67°  41'  o',  index  eiror 
•4-  i'  o',  height  of  eye  ao  feet,  time  by  watoh  May  a9^  3^  3a"*  o*,  which  had  been  found  to 
be  i^  38*  c^fatt  on  apparent  time  at  ship,  the  difference  of  longitude  made  to  the  East  since 
the  error  of  watch  on  apparent  time  at  ship  was  determined  was  a6*9  miles:  required  the 
latitude  by  reduction  to  meridtan. 

la.  1887,  November  17th,  A.ic  at  ship,  and  uncertain  of  my  position,  when  a  chronometer 
showed  November  l^*  s^  44"  i^'  M.T.G.,  observed  altitude  sun's  17.L.  17*  si'  40';  again, 
P.M.  al  ship  same  day,  when  chronometer  showed  November  17'  iii^  i5»  36%  observed 
altitude.sun's  vj,,  lao  41'  ao',  height  of  eye  17  feet,  the  ship  having  made  a7  miles  on  a  true 
E.  I  8.  oourse  in  the  interval :  required  the  line  of  bearing  when  the  first  altitude  was 
taken,  and  the  ship's  position  by  Snmner^s  Method  when  the  second  altitude  was  observed, 
iMsuming  the  ship  to  be  between  the  latitudes  45^  $5*  N.,  and  46^  1/  N. 

OHAET  WOEK  FOE  ONLT  AND  FIEST  MATES. 
OtfOme  BngUih  Ohtmrnl  Chart  (Drm),    Var.  ai|*  W. 

I.  Using  Deviation  Oard  No.  I,  find  the  course  to  steer  by  compass  from  Seven  Stones 
lightvessel  to  Lundy  Island,  also  the  distance. 

n.  With  the  ship's  head  on  the  above-named  compass  course  Longships  light  bore  by 
compass  E.N.E.,  and  Trevose  Head  bore  8.E.  by  E.  ]  E.  by  the  same  compass :  find  the 
ship's  position. 

ni.    With  the  ship's  head  as  above  Trevoee  Head  bore  by  compass  8.E.  by  E.,  and  after 
continuing  on  the  same  course  33  miles  it  bore  S.S.W.  \  W. :  find  the  poeition  of  the  ship, 
and  heif  diitanoe  from  Trevose  Head  at  the  time  of  taking  the  second  observatioii. 
ADDrnONAL  FOE  MA8TEE. 

rV.  Find  the  coarse  to  steer  by  compass  from  Seven  Stones  to  Lundy  Island  (or 
from  A  to  B)  (see  Question  I)  to  counteract  the  effect  of  a  current  which  set  N.  by  W.|  W. 
(true)  at  the  rate  of  4I  miles  an  hour,  the  ship  making  by  log  ao  miles  in  the  a  hours 
towards  Lundy  Island. 

V.  1 885,  May  aand,  %^  a  i«  p.k.,  being  off  Osldy  Island  by  reckoning,  took  a  cast  of  the 
lead;  required  the  correction  to  be  applied  to  the  depth  obtained  by  the  lead  line  before 
comparing  it  with  the  depth  marked  on  the  chart. 

13.  1887,  June  17th,  the  obs.  mer.  alt.  of  star  a  Serpentis,  North  of  observer,  was 
^f.9'^1  ^^  oorreotion  -|-  4'  ao%  height  of  eye  14  fret:  required  the  latitude. 
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In  the  following  tahle  gire  the  correot  magnetic  bearing  of  the  diftant  objeoty  and  thenoe 
the  deviation: — 


Ooireet  magnetic  bearing. 


Ship's  Head 

StaaLrd 
OompaM. 

BeariiLffof 

Distant  Object 

by  Standard 

Oompass. 

Deviation 
Beqaired. 

Ship's  Head 

Stanlard 
Oompasa; 

Bearing  of 

DistantObifeot 

by  Standard 

Oompass. 

Delation 
Se^oired. 

North  •••• 
NJL    .... 

Eaat 

B.E. 

N.  40»W. 
W.  ID  N. 
W.  i8  8. 
S.   36  w. 

SoDth  .... 
s.w.   .... 
West   .... 
N.W.  .... 

S.    4i*W. 
W.  16  8. 

N.  67  W. 
N.  36  W. 

With  the  deviation  as  above,  give  the  coareee  yon  would  iteer  by  the  Standaid  Oompaaa 
to  make  the  following  oonrsee  correot  magnetic. 

Oorreotmagnetiooonrseej^S.  lo^W.;  N.W.fN.;  E.byS.;  N.byE.|K 

OompaflB  oonreee  :— 

Bnpponng  yon  have  steered  the  following  courses  bj  the  Standard  OompaaSy  find  the 
correot  magnetic  ooorses  made  from  the  above  deviation  taUe. 

Oompass  oonrses:— N.  i  E.;  S.E.  }  8. ;  W.  by  N.  i  N. ;  Sonth. 

Magnetic  conises  :— 

Yon  have  taken  the  following  bearings  of  two  distant  objects  by  yonr  Standard  Oompais 
.as  abovsi  irith  the  ship's  head  at  8.  |  E.,  find  the  bearingSi  oorreot  magnetic 
Oompass  bearings:— E.  \  N.,  and  N.  by  W.  |  W. 
BearingSymagnetio: — 
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MISCELLANEOUS  EXAMPLES. 
For  praotioe  in  natural  and  logarithmio  Sines,  Tangents,  and  Secants,  Pa^0  j8. 

1.  Nat.  mne  -43265 1,  ita  common  log.  is  9*636138,  which  if  the  log.  rine  required. 

2.  Nat.  tang.  3,  its  common  log.  is  10*477121,  which  is  the  log.  tang,  required. 

3.  Log.  9*236713,  its  corresponding  nat.  no.  is  '172470,  the  nat.  cos.  required. 

4.  The  given '.log.  tang.  9*850593,  being  snbtracted  from  20,  gives  10-149407,  the  log. 
cotang. 

5.  The  nat.  sine  of  68*  45^  24'  is  '932050,  the  log.  of  which,  or  9*969439,  is  its  log.  sine, 
which,  being  snbtracted  from  20,  leaTcs  10*03056  r  for  the  log.  oosec. 

6.  The  log.  sec  11*024680  subtracted  from  20  leaves  8*975320,  the  log.  cosine,  the  nat, 
no.  corresponding  to  which,  or  -094^76,  is  the  nat.  cosine  sought. 

7.  I.  The  quantity  9*450981  is  found  in  the  tables  to  be  the  log.  cosine  of  the  aio 
73*  35^  31'-  *•  '^^  I'^t.  no.  corresponding  to  the  given  log.  is  '282476,  which  is  the  nat. 
oos.  of  73"*  35'  31',  the  arc  A  sought. 

8.  I.  The  square  of  radius,  or  i,  divided  by  the  nat.  sec.  2*005263,  gives  '498688,  the 
nat.  cosine  of  A,  which  is  found  in  the  tables  of  nat.  cosines  to  correspond  to  60°  5'  ia*,the 
value  A.  2.  The  common  log.  of  the  nat.  sec.  2-005263  is  0*302171,  which  is  found  to  be 
the  log.  sec.  of  60^  5'  12%  the  arc  A  sought. 

Neri.— A  natural  sine  can  be  taken  out  of  a  table  of  nat.  versinee  with  the  most  minute 
aoooraoj. 

Versine  (90  +  $):=.  i— cos.  (90  +  6) 
=  I  -{-  sine  6 
.  * .  Sine  $  =  versine  (90  -{-  $) — i 
Or  the  natural  sine  of  an  angle  is  taken  out  of  the  table  of  versines,  by  taking  out  the 
▼enine  of  the  angle  tncrtoMd  by  90%  and  dropping  the  initial  i. 

DIFFEEENCE  OF  LATITDDB,  Pag$  79. 

I.    203' N.  3.    293' 8.  5.    795' N.  7.    610' 8.  9.    94' N. 

[2.    470  8.  4.    330  N.  6,    157  8.  8.    459  N. 

MEEIDIONAL  DIFEEEENOE  OF  LATITIIDB,  P^#  86. 

I.  j^i  2.    2426    .       3.    345  4*    i»^  5-    93^  6*    ^^ 


Digiti: 


zed  by  Google 


480  J$mo¥r9. 

lATEPUDB  m,  Pa90  8«. 

I.    34«  a'N.  3.    3«  I'N.  5.    a'54'8.  7-    Bqnate. 

1.    17  54  K.  4.    1  48  8.  6.    Equator.  8.    39*  14' 8. 

MIDDLE  lATrrUDE,  Pag0  82. 
I.    17*19'        «.    a'loj'         3.    35037*        4.    6i»3if        5.    53*  "f         ^.    ^4*  J«' 

DIFFEBENOE  OF  LONGITUDE,  Pag$  84. 

I.  300' B.   3.  716'W.   5.  170' B.   7.  368' B,   9.  i8o'W,   If.  1835* B. 
3.  507  B.   4.  160  W.   6.  422  W.   8.  420  W.  10.  412  B.    12.  1200  W. 

LONGITUDE  IN,  Pay*  85. 

I.        7*38'W.  2.        iM8'B.  3,        31**  VB.  4-        o^S^'W. 

5.        I  15  B.  6.       o  45  W.  7.        39  10  W,  8.      92    9  B. 

9.    103  s^  B*  10*    n'  >^  ^*  <!•      ^S  57  B-  I**    <79  59  B. 

LEEWAY -OOSBEOTED  00UBSE8,  Page  96. 

I.    S.W.}S.  2.    S.S.W.iW.  3.    N.iB.  4.    KJS.iB. 

5.    B.  by  8.  6.    N.W.  by  W.  7.    W.  J  8.  8.    N.B.  by  B.  f  B. 

DEVIATION— OOEEEOT  MAGNETIC  OOUBSES,  Puge  104. 

I.    8.  lo*  2'W.  2.    N.    9041'B.  3.    8.  59023'W.  4.    8. 22^34' B. 

5.    8.   5  56  B.  6.    N.  38  45  B.  7.    8.47  30  B.  8.    8.87  22  W. 

LEEWAY,  VABIATION,  &  DEVIATION— TBUE  OOUBSES,  Pag^  io6. 

1.  8oatb.  12.  8.  81*15' B.  ^S*  8.  19*26' B. 

2.  8.  44^15' B.  13.  8.  3153  W.  24.  8.  8945  W. 

3.  N.7745W.  «4.  8.  35  56  B.  25.  8.   o    4  B. 

4.  8.  85    7  R  15.  8.    8  45  B.  26.  8.    o    8  B. 

5.  8.  78  41  W.  16.  N.59  II  K  27.  8, 15  15  W, 

6.  8.   5  34  B.  17.  K.  88  46  B.  28.  8.   4  4t  B. 

7.  8.73  26  W.  18.  8.60    8  W.  29.  K.77  26  B. 

8.  8.  31  26  W.  19.  K.  9  45  B.  30.  N.51  19  B. 

9.  8.57  30  W.  20.  8.  60  30  B.  31.  N.42  37  B. 

10.  8. 76  56  B.  21.    8.  76  19  W.  32.    8. 14  26  W, 

11.  N.84  23  W.  22.    N.io  34  W.  33.    8.24  49  W. 

34.    Basfc. 

DIFFEBENOE  OF  LATITXTDE  AND  DEPABTUBB,  Page  114. 

No.  DifLIat.  Dep.  No.  DiiLUt.  Dtp. 

1.  27'-7  8.  ii'-5  B.  8.         io'-8  8.  33'-3  W. 

2.  9-4  8.  47*1  B.  9.         22*9  N,  8-8  W. 

3.  ioo'8  8.  91*3  W.  10.  10-9  8.  23*3  W. 

4.  12*3  N.  83*1  W.  II.  2*5  8.  i4»5  W. 

5.  21-8  8.  48-0  B.  12.         27-3  N.  139  W. 

6.  142-7  8.  173*9  W.  13.  7'4  8.  42*2  W. 

7.  44-5  K.  177-5  B.  14.  33-2  N.  IO-8  W. 

OOUBSES  AND  DISTANCES,  Page  115. 


XO.  covin.  BXIT.  HO. 

1.  8.  19*  B.  77'  6.  N.  44*  B.                52J' 

2.  N.67    B.  186}  7.  8.  55   W.              93 

3.  N.  66|W.  161  8.  8.    6   W.  i6i| 

4.  8.  21    B.  105}  9.  8.    2)  W.  173 

5.  N.  30   W.  4S0  1^  H.  58   B.  310 


Digiti: 


zed  by  Google 


4flMm^ 


^. 


TBAYI;BS£  9AII4NQ»  i'H^i  i^ 

li(07>*— I<v  tli9^  f9llowiiig  kaj  tjbio  first  liue.  (gar  eAoh  quettipn  is  expl«ioe4  b;  t^e.  tiUes  tft 
th»  toq;>  of  t)li9  p«f^  Th^  leeeiid  line  oonviiM  tKa  oonrses  a^  distam^  sailed^  The  thixi 
lifk%  eontaiyt  t^  D*  I^t.  wid  D^.  oorresi^a^dm;  to  each  eonvii^e  and  <j^«t%nce ;  |h^  namty 
axe  SQt  giT0«  ^««iiwe  thejr  art  mfn\y  leen  ^m  t^  ooana  in  the  ieco4»4  oolam». 

VoflK— la  9«i9Slion  3  baloir,  975*4  N.  lB^aM  )J7|*8  by  HcsiE^  and. 31x5-6  Jl^mv^mzis^^ 

byRAPBB. 


1 

Gmtmi. 

9i«lwot. 

iU4^.Iat 

Bepiwtof. 

Latin. 

844'W 

13"' 

w'as 

9t'iW 

Si'aj'W. 

rW: 

44'1     8*^8 

^•^v; 

4o'7    1?^ 

8  6iW4a' 
»t'a  4</'a 

8 

8  8x«W 

i3<^ 

»Q'-0^8 

i2r»V 

[   S3«Sa'N 

^ 

ft6Wif 
4^6     ii't 

»;4Wa4' 

»9'-6     V-9 

i/i  a^-6 

«iB36' 

aaiBie' 

M'l     7"5 

f^'-^    44'-5. 

» 

South. 

375^-8  (W)   I37S''8  8(N)!                      ) 
37S'-6(B)   tSTreaCRij           0         .     ^•.6'8 

1 

SaWiia' 

S.«B  ixa' 
xoi's  4a'-9 

azW86' 
V4  itf'A 

I 

x9»o'S. 


Eaat 


7^-6  E 


83ftEl3'       81B19'       SsEai'       ftftfEjaT       VaSao^     Ni^Wsyf     vaSaa'     8.j|Vto' 
i<yo     8'a|x8'-6     3'-7     la*-*  iS'-j     7'-8     3i'o     i8'-5     7^7     a6"a     «'-6     xx'-j   ai'^     /-J      6'7 


8.46<>B. 


W 


75'a  8 


78'-3H 


o«  15'  S 


Basts' 


N7fE20'     S.sB.jj'     8IW31'     N3iB43'      8outh  a8'       8|Bai'       8i|Wia» 
f^     tff^\t9ht  »/^^^3chr    4^133^  «/-T         «8^      |-*i4    jf-f  f  n^     a^ 


8a4»W 


88' 


8o'-4a 


36'o  W 


o«>  10' S 


N^o^Wao'.  8i«*W»x'    8  19*  W  19'    S48*Wz6'    WSs^BaS'    »44^Bis*     17  aa  Was'     89*8  54' 
15  3   ia'-9[ay*5  j^z     i8"o     tr'^     \<f'7  -^i'^  \  ^'^     ?/^    kt-S  v/-<\     ^s'-a     9^-4    y^j    j|*-4 


8x5»W 


3«' 


31' -o  8 


8''4W 


46»4fN. 


^  ji'W.  i6'  M  7«»E  m'i  ftsaT  W  is'    a44*BiS'l  »44*'W'  lo'-;  W  770B  it''4  *4o»  W  16'' '  »14«»  B.  fl» 
13*7    ya    4'i     xa^    gT-a    xi'-8     ^o^g  10^     t4*-*  1/7    "    X«'i     ia*'3   V'^.      !^    i^$ 


W8<J»W 


X4/ 


t4'-7N 


X45'«W     :34«»3e'W 


Nt6»Wa7' 
apt  X5*'9 


NaiOBjO*    875'W47'    8  8o»  W  a9'    N7a«W4a' 
a7^4   ia*a     xl'-a  45''4  /  5^     «8^    13^  39^ 


FT 


N78"Wt4'    8ia«Ea8' 
7'1     33^  I"  47^4     S?» 


Ffie»W    L       140' 


S5'7  H 


t»r-9W    1    3S'39r 


^ 


^k 


N84«Wi8'  W8^W3o'-4 
x'-9     X7^9  \  or-5     30'-4 


aj^   jrf- 


57*  Wa2"9  WL9'*^3/-9^»'5*  W  aj'-O  *  73*  W  34'9  »  ^O^  W 14  7 
»'7  «7^S     »0'*3  «i'^3  I  t5^7     S'O     »<ra  33"4  t  aT'x     44H 

?ASALLKL  8AIX4INQ,  l^aiM  i^- 

I.  R  I'Ong.  400  Bilea,  or  6°  40'.  1.    7*  9'. 

3,  Theiiarallalof  60°.  4.    LeogthoCa^Mgree  lA'S^mUaa. 

5.  In  hit;  6t3«^  Ifoi^  QT  South.  6.    D^p.  34^^*^  mit^. 

7.  T^e  fOHUMT  T^ipel^  «Ad  mi\  gala  149  v^^  ^    <93'4  «adei. 

■9.  60®  and  70P  3^.  10.    61*6  mifos,  or  i*  r*^. 

LL  Waitt  distiacft  864'!  mlbi.  »•    75^  3a'*  U«    ioa:fi.iiiib^ 

I.  B.  U(t  I f  3''3      D^-  ^73'*5      !-»*•  w  »7***^'  H-     P-  lon^k  V^S'     ^ifi^'  ^  S^SS'  V- 
a,        „      »65-4       „      »»3-3  „      49    a  K.  „       934  „        it*  5»  W. 

3-         M        9^  7        *>      3«8-7  n      l«  $x  N.  ,,,      33^  ^       895  <:»  f- 

4..  Da^  2439 BiiUa-f  Caawa  a  84°  5a'  15^  W.;  Diak  a45«ailai» 

5.  IVno  eourao  K.  61^  53*  E.,  dialanca  sioi  milee. 

6i  ^fti^aonitieK.ao<>ar9i>X.,dMtaB«aaoirf,iBtti9. 

'     •    aQ4  ^ 


Digiti: 


zed  by  Google 


4«t 


Jsuwin. 


MEBOATOS'S  SAILING,  Faff0  135. 


HO. 
I. 

a. 
> 

5- 
6. 

7- 
S. 

9- 
10, 
II. 
II. 
»3- 
14. 
15. 
16. 


]>.  LAT. 

97  N. 

85  B. 

3308. 

113s  N. 

115  N. 

79»a 

«937  N. 
4875  «. 
loi  I  N. 
5669  X. 

7jia 

5545  8. 
44«3  N. 
18608. 

3355  N. 
1 80  K. 


"5 
130 

500 

1760 

166 

794 
316s 
S836 
1139 

6510 

733 
6313 
484a 
1884 
3516 

190 


131  E. 
76  E. 

270  B. 
4731  B. 

191  E. 
1154  B. 
7919  E. 

4875  w. 

3808  W. 
1490  E. 
a4S9B. 

263  B. 
3313  B. 

412  E. 
7587  w. 
1140  W. 


XXM.  TAKO. 

10*020381 

976687 1 

9'73»194 
IO-429S3* 
10*060925 
10*198477 
10*398708 

9*741 7 '9 

10*524173 

9*582618 

10-5*5^55 
8*617378 

9835  "9^ 

9*339816 

10*334021 

10-778151 


covxn. 
K.4«'*»i'B. 
8.  30  19  E. 
8.  28  22  E. 

N.  69  36  E. 
K.  49    o  E. 
8.  57  39iB. 
N.  68  14  E. 
8.  28  53  W, 
N.  73  21  W. 
N.  20  56  E. 
8.  73  24  E. 
8.    2  22  E. 
K.  34  23  E. 
8.  12  20  E. 
N.  65    8  W. 
N.  80  32  W. 


LOO.  BUT. 

2«i47765 

1-993283 

2*417281 
35483  «8 
a**43755 
3*170398 

3-89S73* 
3*745667 
3-547589 
3*783161 
3*408024 
r744»T3 
37  34969 
3*79653 
3*901919 
3039176 


141' 
98*5 

261*4 
3534 

«75'3 
1480 
7920 
5568 
35«8 
6970 

»559 
5550 
543» 
1904 

79785 
«C9V5 


PAT'S  WOEKS  COBEEOTED  FOE  LEEWAY,  VAEIATION,  AND 

DEVIATION,  Faff  a  149-1^4. 

KoTi.-*Io  th«  following  key,  the  flret  line  for  eech  day's  work  ie  ezpUin«^  by  the  titl«t 
nt  the  top  of  the  pege.  The  eeoond  line  oontaini  the  Trne  Gonrsee  and  Distiinoef.  The 
third  linA  contain!  the  Diff.  L%t  and  Dep.  correeponding  to  each  oonrse  and  diAtance;  their 
names  are  not  gi^en  becaase  these  are  easily  seen  from  the  conrsee  in  the  leoond  line. 


1 

Csvtcs. 

listSBSS. 

3»ftZa\ 

Dspsrtiirs. 

Lftt   IB. 

mi.Lst. 

BUT.  LoBf. 

Loarla- 

" 

N63«« 

"/ 

io2'sN.    1    soa'-8E 

36»57'N. 

36«e' 

•51' E 

7IM9-W. 

K89*Bi9' 
o'-3     i9'o 

UVV^ 

8  71  E  38' 
ia'-4   35'9 

Ns5*B4«' 
a4'-i    34'4 

Np*W^a' 

46*6  10' '9 

N8a«»E?/ 
5'i     36'-6 

Nji-E^a- 
39r«  3VX 

8 

tT?**" 

99f 

tl'-5  8 

96^*6  E 

53'45»'N 

53-56' 

164' E 

»'39E 

8  68*Bir 
6"4     u'« 
W  J*  W  6' 

N73'B«8' 

8  75*E;i' 
ro     29'^9 

N  72*  E  ao* 
6'*a     igr*o 

8q«Wi9' 

ir-8    3'-o 

S.^«  W  13' 

SaooEio' 
^•4      3-4 

ira4'Ei$' 
13' 7    6'i 

Korth 


86'*6 


86'-6N 


45*i4'N 


rsi'w 


Ni7*Eit' 
i«'4     3'i 


Korth  38' 
38*0 


N  a7«  E  18' 
i6'o     8'a 


N79«E*5' 
4''8     a4'*5 


8  83«Waj' 
a'-8     aa'8 


8  48»E9s'*aN48»Wj[/i 
io''9   18*7  I  16*1   ao'*i 


Ni6»Wai< 
1/0  ia'-3 


W75'W 


70' 


ai'i  N 


76*  3  W 


45*  5x'  8 


N  67  W  25' 
9'  8     13'  o 


46«i' 


no'  yf 


1045'W 


la'-f  l5'-3 


8  73  W  96' 
/■6     «4'9 


N40^Bu' 
•e'-o  ai'-9 


854'Eaf' 
11*9   17''8 


»  67*  E  96* 
10*  a  a3*'9 


8^4«W«4' 
1/3  >6'7 


West  60' 
60^0 


845«W 


5^-38 


SfT'iW 


34*i»'N 


34*  4»' 


71' W 


6^4rw 


8fc7-Wy 
oT'S      9'o 


8a9W}8' 
33'»a  i8'-4 


Na3«W45' 

4i'-4  ir-6 


7'-6     33'x 


South  46^ 
46'-o 


^^8^^^ 


N7i«Ea4'v 
r-x     a3'5 


8  79«Ei5' 
a'9     i4'7 


W3«W 


a8'-s 


sTsN 


l'*6W. 


30-a7'*SN 


30»i3' 


3a'5t'E 


8  3»Eis' 
i5'*o     cfB 


K75»W'ia' 
3'-x     xx'-6 


863»Bi3' 
5'*9     xi'« 


8  10^  B  as' 
«4'-6     4''3 


N8>Ea(^ 
i9'-8     a'8 


8  76«W  is' 
3'-6     i4'-6 


Nii«Wa7' 
a6'5     5'« 


Nao*Ei(y 
a8'*a   lo*-} 


8so»W 

«r 

56'*5  8 

66^-5  W 

4^«l6l'8 

44-48' 

94' W 

I79»3<J'E 

N70»Wl8' 

Nto^E»8' 
35*7  i3'o 

N88»Wt|' 
I' a     34*^) 

8  8j»W48' 
5' 8     4/6 

8p*W2s' 
«/7     3  9 

8  a-  W  xV 
38"o     1^-3 

8iq«Eso' 
4/3    «6'3 

N  a6<>  E  18' 
i6-a     r» 

K70>E 

i6t' 

5S'*3  N 

l5i'*aB     1    63«i3'N 

6**4S' 

350' E 

57»47'W 

N6d»Eai' 

Nil- Esq' 
i^i  47'*3 

K75-BI7' 
4'*4     ie'4 

VKf,^;  ?a^V4' 

trv^ 

8  St  W  17' 

iT-o   flr-6 

H47*B4cr 
33'  4  3S'  i 

Digiti: 


zed  by  Google 


Jbmun- 


Mi 


» 

Conmi. 

ZUstKUM. 

IKftLat 

BtpartOM. 

£«t.ia. 

mLUx, 

IMftLoar. 

Zonr.ia. 

N8|0£ 

94^ 

9'iN 

94-oB. 

7o»  41-  N 

70- 3^' 

283' B 

X9'  ix'  W 

i/i    xa'9 

8  59' E  19* 
9'<«     16-3 

Ni3»Wa5' 
aro   i3'-6 

88»Waa' 
ax'-8     3'-i 

N3'B^3' 
Jj'o     1^7 

3  a4»  W  xj' 
t7'*4     7"; 

N65-Ba-/ 
10' -6  2a'*7 

ia'-6  6/8 

10 

N78*E 

««4' 

45'*i  N 

ao9'-aE 

36«S7'8 

37'l9i' 

^i' 

itTi'B 

8  78»Bai' 
4*4     ao'S 

N9^B4*' 
4/4    r's 

N72«£4a' 
x3'o   39''9 

8  ^o'  E  4^' 
3</-9   36^« 

8  8«B3y 
34'7     4'-9 

29-7   18^ 

N75*iS49' 
"7   47^-3 

N70'»B3^ 
ia'3   33-8 

u 


888»B 

3M' 

ii"4  8 

333'-3  B 

3a- 53' 8 

3^^7*' 

39^5  2 

••ibTsB 

Bant  2/ 
2/0 

N87»B43' 
2'-3     4a'*9 

N85-B4X' 
3"6'    40^ 

East  50' 

ij  63*  B  a9' 
I3''i   25''8 

N  89*  E  71' 
x''a     7i'*o 

888»B38' 
1*3     l^o 

8  8««E38' 

U'o     3^8 

N85«W 

«4r 

ly-sN 

a46'«i  W 

44«34'8 

44' I*'      1     343' W 

177*  «'B 

Weat  16' 
16' -o 

N62-W40' 
i8'-8   35'S 

W63J»W3/ 
x6'8  33' 0 

886*  W  38' 
[«'7     37'-9 

8  830W3X' 
3'8     3o'-8 

8«^W*i'  N8<^W42' 
i/'9  a3'7     r-J     41'  4 

WMta8' 
28'-o 

ASTBONOMIOAL  DATES,  Pag$  176. 

June  30*a3*»3o*io^ 

Oct.  1  o  10  la 

Deo,  31  ao  9  50 

Deo.  31  la  44  la 


5. 
6. 

7.  1887. 

8.  1888. 


I.  Jan.  I*  i6'»  aS*  9« 

a.  Feb,  a?  8  la  o 

3.  Mar.  31  19  54  19 

4.  July  1  8  3  a4 

CIVIL  DATES,  Pag$ 

Jan.     nth,  4**3iBi5*A.M.,  a. 

May    17th,  7  15  II  P.M.,  4. 

Sept.      lit,  8  10  54  P.M.,  6. 

1888,  Jan.  ist,  9  50  41  P.K.,  8. 

DEGEEES  INTO  TIME, 


I»»i5»36« 

o  3  54'4 
o  054 


i8*a8'  o» 

«  44  3J 
o  13  o 

Jao.  6'  t^   8- 

Jan.  31  7  a9 

Mar.  15  8  8 

May  15  6  6 


176. 

Feb.  3Td, .  i|)'aS*56*p.ic 

Mdr.  i4tb,  IK  15  7  A.M. 

Sept.  ist,  8  10  54  A.IC 

1S89,  Jan.  ist,  10  41  56  A.IC 

Pag$   177. 

6h24«43.  5h57«  42 

o  9  12*8  8  41  16 

II  55  »9  ©  *  4^'^ 


I. 

5. 

9- 

»3- 


aa«36'  41*8. 

>3  ®  57  N. 

ao  17  9  S. 

o  7  15^^* 


I 


5-4*''i 
o  0*6 

3  5i» 


17*52' 42* 
65  13  4 


o^50"»4j»       9*»  9"*48* 
3  16  17-33      o  I  47* 
3  24  40*8      10  a7  28 

TIME  INTO  DEGREES,  Pag^  178. 

a.    58*  i'   ©•                   3.    io*»33'   o"  4.  i47<»a4'3o'' 

^«      5  a»  43*5                 7«  i75  i^  4©  8.  o  58    o 

10.    75  la  45                  II.  179  59  15  la.  o  a8    o 

GBEENWIOH  DATES,  Pag$  181. 

>  o*  5.  Oot.  3i<*aikaaBio*                9.    Jnly      8  at  noon 

28  6.  Dao.  I     6  32  45                 10.    Jan.     3K'i3^45"*ao 

6  7.  June  30  16  36  52                II.    Mar.     a    o    5  40 

o  8.  Sept.  I    6  24  II  la.  1887,  Deo,  31  14    3  ao 

SUN'S  DECLINATION,  Pag$  187. 

a.  i6043'49*"5  8*  3.  4*4'*7'-5N.  4-  i9^S'3«'-oN. 

6.  3     8  51 8.  7i  a3  18  48  8.  8.  18  14    o  8. 

10.  12  24    a  8.  II.  o    I    o  N.  la.  19    o  50  N. 

14.  a  58  51  8.  15.  a3    3  57  8.  16.      034  N. 

EQUATION  OF  TIME,  Pag$  191. 

a.    +  14"  6«-6  3-    +  o"  IT^  4- 

6.    -I*   o    1*7  7.    —  o    n  8. 

10.    +15  i8'3  II.    —  o    7*5  la. 

TEUE  ALTITUDES,  Pag$  193. 

a.    48^17' 14*  3-    7^*^14*16*  4. 

6.    85  aa  51  7.    a7  51  38  8. 


-  3-4r  t 

—  o    a'5 
+  0    5-8 


f.    I7^5a'a8' 


48*17'  I  a' 


£ap^. 


76*14'  7* 
?7  S§  87 


58^8' *9' 
67  aa  10 

58*48'  91" 


Digiti: 


zed  by  Google 


4*+ 


JtlUWihi 


MERIDIAN  ALTITUDES^  Pa^  197. 


«0. 

4- 
5- 
6. 

7- 

10. 
«t 
II. 
«3« 
14- 
»5- 
16. 


#KZlir.  DlATK. 

Jan.  iw*  :3*i^*^4« 
Jftii*  31  21  %o  %6 
April 38  It  I  3s 
May  I  ai  ^i  48 
Jtebvo  19  48  It 
Sept  12  IS  54  o 
Oct  a)  6  o  48 
Kov.  14  I?  39  ~il5 

lf«f.  ••  II  j^.     o 

April  7  9  19 
«ept.»»  15  45 
Not.  «  i^  s<^ 
Sept.  as  I  a  24 
Feb.  la  o  3a  4^ 
Mar.  v>  18  49  « 
Dec.  il  i5  37  i* 


o 

o 
6 
8 


No.  OzMn.  4ate. 

1.  Jan.     26*19*47"  8" 

s.  Feb.      x7    4    7  «9 

J.  Miirdh  SQ    1  ao  so 

4.  April     4  19  S3    o 

5.  Not.      6  aa    5    8 

6.  June      a   9  56  a6 

7.  July     14    a  IS  4S 

8.  Atig.  1  3  S3  5^ 
•9.  Sept.  7  ai  37  o 
10.  Oot,  30  4  59  50 
XI.  Bept.  aa  6  1  za 
it.  iLv^*  17  to  38  48 
^3.  acaroh  ao  %o  II    4 

14.  Sept.    aa«i    a   8 

15.  June      8  18  41  84 

16.  Ptfb.     as  ao  40  a8 

17.  June  18  1  »4  ao 
A.  lfv«k  6  6  5  ao 
19.  April  9  18  50  48 
-eok  Deo.     13  ii  35  tl6 


I. 

a. 
3- 
4- 
5- 
6. 

7- 
8. 

9- 
10. 
ti. 
la. 
'3. 
•4. 
15* 


7k30"A.K. 

«  43  >» 

lo    X  „ 

No  „ 

o  a6  ,, 


No 
o    8 

No 
No 
ft)  56 
10  a3 

It    1^ 


If 


KXa  DWb 

^i«5i5'  a9'S. 
17  »  4^8. 
14  i^  s^  ^• 
i;;  aO  17  N. 
»5    *  37  N. 

o  7  56  ». 
tT  ap  oS. 
"rt  25  5a  S, 

o    k  4a  N. 

6  57  45  N. 

o  5  9N. 
14  5«    58. 

o  ^  a5  N. 
13  46  57  6. 

D  8  31  N. 
«3    3  3a  «• 


TKVB  ALT. 

r»  5*  ^ 

8*  35  15 
45  57  I 
4a  37  a8 

4^  4«  33 
54  SI  »« 
67  5«  49 
61  58  10 
90  13  41 
83  5a  ao 
7b  4a  48 
71  34  38 
i^  4  44 
77  7  >6 
54  3«    7 


LATITUDX. 

4«^59'  r^' 
d  5  5aa 
6  5a  If  N. 

59  a3  k6N. 

^4  17  5S  8. 

4«  25  23  N. 

»3  39  4»  N. 
I  37  19  I*- 

>8  3  3a  N. 
644  4N. 
6  la  49  K. 

84  '5  «7  »• 

18  33  47  *f- 

^6  lr4  at  1^. 

t»  44    58* 
la  18  af  N. 


mva  ALV. 
68»57'  f** 

7»  58  3 
«•  35    9 

45  56  5« 
4»  37  34 
4«  4*  »3 

54  5'  " 
<7  564a 
61  58  I 
96  13  40 
8i  5»  »3 
704*  44 
7»  34  3» 
30  4  35 
77  7  *3 
54  )»    « 


a 

LAnTVBB. 

41*59' I  rS. 

o  5  498. 

6  5a  5  N. 
59  a3  ai  N. 
*4  «7  59  8. 
48  *5  33  N. 
»3  39  49  N. 

3  37  »8  N. 
a8  3  41  N. 

«44  5N. 

6  xa  56  N. 
34  «5  *«  8. 
«8  33  53  N. 
46  14  a8  N. 
la  44  6  8. 
xa  18  aa  N« 


AlfHimjDES,  Pitf#  205. 


Bed.  deol. 
i8«»3o'  8»S. 
kt  55  19  ^« 

3  a4  e«  If- 

5  59  48  W. 
i6  s^  15  Bi 
aa  14  aa  N. 
at  41  a8  N. 
18    o  3a  N. 

5  45  43  W. 
135043^ 

o  14  38  N. 
13  10  44  N. 

000 

000 
ea54  59N« 

846  8  b. 
a3  a4  58  H. 

5  34    88. 

7  51  18  N. 
23  XI  38  8- 


True  amp. 
E  a3«  </  B. 
W  14  35*8. 
£    3  47   If. 

W   6  >4   N. 

E18  ai|8- 

W  38    «7      ^^ 

B24  59iW. 
E  37  6  N. 
B  6*>  N. 
E  a4  io|4. 
£  oa6^^. 
Wa7    74H. 

o   o 

o  o 
Baass  N. 
£19  o  S. 
B  64  36  N. 
W  631(8. 
W13  asftN. 
£  3a   08. 


sine. 

9*59*^75 
9-401267 
8-8198819 
9-047177 

9793480 
9*«a5857 
9*780447 
9^H«I»7 
9"6i^«5 
7885110 
♦>558875 


9'S»«5^ 
9-95585« 
9'oS55^ 
9*365811 

97Meia 


Error  of  Oompaaa. 
33*t5'  W 
19   9i3B 
«6  17   W 

oii  W 
ai  14  E 
a6  14  W 
a«49lB 
54  «4    ■ 

6ao  W 
1530IE 

6«53*V 

o  o 

o  o 
17  174  ▼ 

4830  w 

39i8  S 

ej  •34  ▼ 

ai  514  £ 

58  o  W 


Derietioii. 

ii^as*  W 

11  a94B 

237  W 

656  W 

7  2448 
11  6  B 
11  9|B 
38  44  B 

8ao  W 

I3I94W 
14  154  ▼ 
a6  34W 

t5  o  ▼ 
ax  so  B 
•S74B 
1*45  ▼ 
I4a8  B 
5  33kW 
S4I4B 
3840  ▼ 


^  5"*J|. 

9    4., 

10  aa  „ 

o    7  »» 

044  », 

Noon  >, 

o    8  H 

o  3*  >» 

Noon  „ 

o  X5  „ 

o«7  » 

"     »9  M 

10  ^&  „ 

tt  5^  w 


i«. 

'7. 
lY. 

«#• 

ao. 
ax. 
8a. 
^• 
a4- 
a5- 

26. 

47. 
a8. 

a9- 
3^ 


12. 


Ol»I7«9i.lC 

II  ao  „ 

Ho  „ 

No  ^ 

"  34  »> 

»«  50  ff 

"  38  „ 

«  40  >, 
06,. 

"  57  >» 

No  „ 

10  19  „ 

"  5^  »> 

No  „ 


ok58«».K. 
Midoiglit 

05.. 

o  aa 
No 
No 
ti  5«    t, 

«  58    »t 

044     w 
No        „ 

o  47  >f 

«0  59  n 

No  „ 

0.30  ^ 


Digiti: 


zed  by  Google 


Jbaaih,  '*4«J 


TIDES— rOEEIGN  POETS,  Pa^s  214. 

I.    Ceo0tant-f 

6»»  S"   ewp».  for  long.  —  ao-     ^  4»aji. 

c*aa"*p.if. 

a.    OonsUnt  — 

•  I  47      corr.  for  long.  —  10        3  4'     n 

358    ♦. 

3.    Constant  — 

■  0  17      o^w.  for  long.  +    9       ^0      If 

0  10    ^ 

4.    Constant  — 

-  3  41      corr.  for  long.  +  18        ^0      „ 

0     1     n 

5.    Cnn8tant4-3  iS      oorr.  for  long.  —  la        954    i. 

10  15     »» 

6.    Constant  4 

613      cort.  for  lonsf.  —  14        9  5'    i» 

10  15     ». 

7.    Constaftt  +4  a^      cOlrr.  fdr  long.  —  ai      ti  55    ». 

No      „ 

8.    Constant  4 

.  a  13      oorr.  for  long.  —  18        0  53    „ 

1  30    i> 

9.    CottStaht- 

-  0  17      06».  for  long.  —  ao      10  55    H 

II  ^7    » 

FINDINQ  DAILY  BATE,  Pi^  270. 

I.    as  days 

3»-8  9irimng                      6.    ai  days 

I«-|    /(Mlft^ 

a.    18    » 

3*0  Io9in0                         7-     >5    i> 

6'o  r9Sing 

3-    n    »f 

4-5/aw»V                       «•    '4    ,. 

rogaimnf 

4.    15    .. 

rra  gaining                       9-    5®    »> 

a'o  &M^ii^ 

5.    3'    f. 

4-a  losing                        10.    50    ,» 

GEEENWIOH  DATE,  Ay*  273. 

0*8  gsMng 

1. 

6»-8  /MMV       a^45'*5 

Feb.      16*7*47-47-5            7-    A-S  gaining       r- 5*7       I^ov-    8-i^a6'5r7 

ft. 

71  gaining    4    a^ 

April    a8    4  ai  37               8.    8-7  losing          6  57-6        Aug.   1    0    5  55*4 

). 

3-Mlo«j«i^       3  4«a 

Mmy       7    6  25  »^              9-    1*0  '•^^          »    «*5        May    1  13  44  385 

4. 

a-a  fe«n^       a  38-1 

June    as  ai    a  31             10.    08  losing         0  31 

-8        Jan.  ad    0   4  so 

5. 

53  gaining    6  38-9 

Oct.     as    8  34  43             11,    19  fe»»«V          4  a9 

a        Sept.  27  z6  39  z8 

6. 

4*0  losing       5  aa 

Jan.     19  la  33  a8             la.    a-6  gaining       a    a 

;  HOUE-ANGLE,  Fafe  176. 

8        ApriliS    s  33  40 

I.     4*16-34' 

a.    a»»50»4a«              3.    4''50«ao» 

4.     4^6^56- 

5.    4    «  45 

«.    a  33  4*               7-4    3  5^» 

8.    4  »9  5« 

OHEONOMETEE,  P§^  284-286. 

1.  Interval  7  days^ rate  9^«  to**v»  Intervsa  a5*  i9N  fcctoumalated  rate 4-  4-  ia»-7,  Qreen* 
date  January  1*  19''  sa«  i3»-3,  red.  decl.  aa«  56'  a8'  8.,  red.  eq.  T,  aid  4"  9'"^.  *ro«  ^^t« 
49°  §9'  i%\  smaof  lo|^.  9-is8«5i  how^wagle  a*  58«  ai%  M.T.  ship  Jaanary  1*  ai>»  s^  49*- 
lMngituii$  if  %4l  C  E. 

By  Stifir:  Tme  alt.  49**  19'  '3*i  "^^^  ■<!•  9^58«4^  hour-angle  ai»  58"  aa«.  lM^Uud$ 
^t  «3'  45*  B- 

a.  Interval  7  days,  rate  7«'6  gaimng,  interval  19*  a6»»,  aooomnlated  rate  —  a«  8o«'7, 
Green,  date  February  i8<>  i^^  45**  57%  red,  ded.  1 1®  ao'  31*  S.,  eq.  T.  i4«  3*-9  add,  true  alt. 
ai*  34'  15%  nun  of  logs.  9-531 86a  hoar-angle  4>»  45"  50*,  M.T.ship  Febmary  18*  19**  a8"  34«. 
L&ttffUsuh  4^*  ao'  45'  W. 

By  Si^ir :  True  alt.  ai''  34'  8%  log.  sine  sq.  9*531890^  hour-angle  4^  45"*  3o*-  LongUmdi 
4*ao-45*W. 

3.  Interval  43  days, rate  4«*o,  interval  1 15*  %jW  accumulated  rate  4-  7"  43«*8v  rei.  ded. 
a®  58'  4*  N.,  red,  eq.  T.  5"  ia»'a6  adi^  trve  alk  30*  a  i'  7%  sum  of  logs.  9'343^55»  hour^angle 
3**  44"  7%  M.T.  ship  February  88*  3**  49-  i9».    Lompiuds  6s^  5a'  45*  »• 

By  Saptr  :  True  alt.  jo*  at'  o*,  log.  iShe  sq.  9*343^4f  honr-angle  3»»  44"»  S*.  LonpHuie 
^°53'Jl 

4.  Interval  a8*,  rate  5«*8,  interval  35*  6»»,  accumulated  rate  —  3"  a4«'4,  Green,  date 
Apiil  15*  6*  ta«  47»,  reft.  decl.  9^  50'  41"  N.,  red.  eq.  T.  subt.  o»  i»o,  true  alt.  i6*  17'  9% 
turn  of  lega.  9'57St4a  hoiir--angle  5»»  3-  47*,  M.T.  ship  April  14*  i8»»  56"  ia«.  Itmgitidi 
i69«  «*  45*  W- 

By  £i|^:  trie  alt.  i6*  ifi'  5^% log.  sine  sq.  9-578ao4,*hour.angle  5»»  3"  48». 
16^9' o»W, 
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5.  Intarval  %%*,  rate  2"5  latin^,  interral  loS',  aocamalated  raie  -)-  4*  30",  Green,  date 
May  i9*>  o»»  29™  io%  red.  decl.  19°  45'  48*  N.,  red.  eq.  T.  3-  45**7«  »•**'.  from  A.T.,  true  alt, 
30*  41'  a',  Bum  of  log*.  9*340852,  hour  angle  3**  43"  2o»,  M.T.  ahip  May  19*  3'>  39'»  34«. 
Longitude  47*  36'  o"  E. 

By  Raper  :  Tme  alt.  30**  40'  s$'^  log.  tine  aq.  9*34oSS5,  honr-angle  3*>  43"^  ai*.  LMgUui$ 
470  36'  15*  E. 

6.  Interval  22',  rate  ^^.^gak^ng^  interral  33'  18^,  accumulated  rate  »  5"^  i7**a>  Green, 
date  Jttoe  14'  i-j^  ^S'^  42%  red.  decl.  23**  18'  19'  N.,  red.  eq.  T.  +  o™  4",  sum  of  log«. 
9*277920,  hour-angle  3^  26*  31%  M.T.  ship  Jane  14*  20^  33«  33».     LongitwU  yf  12'  45*  E, 

By  Saper  :  True  alt.  39°  50'  38%  log.  sine  aq.  9*277969,  hoar-angle  3^  26"^  32*.  ZongiituU 
39*  12'  30"  B. 

7.  Interval  26^,  rate  4»*7  gaining,  interval  34*,  aocumnlated  rate  —  2«  40*,  Green,  date 
July  5*  o»»  33«  8»,  red.  deol.  22O48'  19'  N.,  red.  eq.  T.  +  4*  i4»-6,  tme  alt.  48'  47'  5*,  sum  of 
logs.  9*166687,  hour-angle  3»»  o"»  i3».    Longitude  52°  16'  30^  W. 

By  Saper :  Tme  alt.  48**  46'  55%  log.  aine  aq.  9*166744,  honr-angle  3^  o"  £4*.  Longitude 
52*  16*  45'  W. 

8.  Interval  ai^  rate  a**6  gaining,  interval  104'  i\  aoonmulated  rate  —  4"^  31*,  Green, 
date  August  13'  2**  20b  42%  red.  decl.  14*  40'  29*  N.,  red.  eq.  T.  4™  4o*'o  mU;  tme  alt. 
27*  23'  29%  sum  of  logs.  9-162297,  hour-angle  2^  $9^  i^*>  ^'^'  ship  Aagust  12'  21^  5^  24*. 
Longitude  78*  49'  30*  W. 

By  Baper :  True  alt.  27^  23'  25',  log.  Bine  sq.  9*162328,  hour-angle  a^  59"^  i6*.  Longitude 
78-  49  ^o-  W. 

9.  Interval  28',  rate  0**7  gaining,  interval  ^i^  19^,  accumulated  rate  22*'i,  Green,  date 
August  2i<>  i9»»  i2»  18% red.  decl.  8*  23'  9*  N.,red.eq.T.  o«  o«*09  «M6^,trne  alt.  44*  44*  40*, 
sum  of  logs.  9*058604,  honr-angle  2<>  38^  1 1",  M.T.  ship  September  1'  2^  38^  1 1*.  Longitude 
iii«28'i5'B. 

By  Saper  :  Tme  alt.  44^  44'  36',  log,  sine  sq.  9*058637,  hour-angle  2^  38^  12*.  Longitude 
If  1^28'  30*  E. 

10.  Interval  97*  9*,  accumulated  rate  —  7"*  38%  Green,  date  October  25*  8»»  35«  41s  red. 
decl.  12"  13'  10*  8,,  red.  eq.  T.  15"  5i«*3  eubt.,  true  alt«  40*  31'  1%  sura  of  logs.  9*009541, 
hour-angle  a"*  29"  io»,  M.T.  ship  October  25<>  2'*  i3«»  i9».    Longitude  95*  35'  45*  W. 

By  Roper :  True  alt.  400  30'  s^\  log.  sine  sq.  9*009595,  honr-angle  2^  29^  1 1«.  Longitude 
95**  35' 30*  W. 

11.  Interval  18*  7^  accumulated  rate  -I-  2"  2»-6,  Gbeen.  date  November  27'  ^^  ij»  5  v» 
red.  decl.  21*  iT  31*  S.,  red.  eq.  T.  i2«  9*  eubt.,  true  alt.  34*  50*  6',  sum  of  logs.  9*4196659 
honr-angle  4*»  6"  44»,  M.T.  ship  November  26*  19k  4 1»  7«.    Longitude  173*  11'  30'  W. 

By  Raper:  Tme  alt.  34^  49'  57",  log.  sine  sq.  9*419704,  hour-angle  4<>  6^  45*.  Longitude 
i73Mi'45'W. 

12.  Interval  28',  rate  9**3 gaining^  interval  148'  i8\  accnmulited  rate ^  23"  3«'3,  Green, 
date  December  24*  17'*  42"  56»*7,  red.  decl.  23*  24'  51"  8.,  true  alt.  lo**  42'  56*,  sam  of  logs. 
9*638735,  honr-angle  5'»  3o«  14%  M.T.  ship  December  24<>  1 8^  29'»  53*.    Longitude  1 1* 44.'  o*  £. 

By  Raper :  Tme  alt  10*  4a'  44',  log.  sine  sq.  9*638766,  hoar-angle  s^  30^  'i5*.  Longitude 
II*  43' 45-' B. 

13.  Interval  ii\  rate  6«'9  toeing^  interval  80^  141^,  accumulated  rate  9«  i6*,  Green,  date 
January  i«  i^^  o«  3««,  red.  decl.  22*  57'  43'  8.,  r«i.  cq.  T.  +  4-  3«-i3.  tme  alt  39®  9'  31% 
snm  of  logs.  9*362397,  honr-angle  3**  49»  a8».    Longitude  15 1«  46'  45'  W. 

By  Raper :  True  alt.  39°  9'  28*,  log.  sine  sq.  9*362413,  hour-angle  3^  49^  28*.  Longitude 
151%^' 45*  W. 

14.  Interval  31^,  rate  8«*3  gaining,  interval  71*  22i>,  aocumnlated  rate  9«  56»*9,  Green, 
date  February  10*  2i*»  33"*  26%  red.  decl.  14°  3'  28*  8.,  red.  eq.  T.  14"  27»-3  add^  tme  alt 
12*  17'  54',  sum  of  logs.  9*174240,  honr-angle  3**  i*  53".    Longitude  5*  13'  o'  W. 

By  Raper :  True  alt  12*  17'  48',  log.  sine  sq.  9-174311,  hoar-angle  3^  i«  54*.    Lot^mh 
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15.  Interval  34',  rate  2«-5  loim^,  interral  51  d^ys,  aoonmiilated  rate  -|-  a<*  10%  GhreeD. 
date  October  a6*  o^  26'»  lo*,  red.  deol.  ii*  a6'  44'  8.,  red.  eq.  T.  i5'»  SS*'4  *«*<•♦  true  alt. 
15**  10'  14',  sum  of  logf.  9'2S7490,  hoar-angle  3^  a8"  S9*-    iMngitud^  62®  46'  o*  W. 

By  £fj0«r  :  True  alt.  25^  10'  13%  log.  line  aq.  9'2S7556,  hoar-angle  3^  29^  o*.  Longitude 
6%*  46'  15*  W. 

16;  Interval  i%\  rate  5**4  ^%,  interral  17  daya  (nearly),  aocumnlated  rate  +  i»  32% 
Green,  date  Febraary  5*  23^  59"»  40%  red.  deol.  15**  37'  4*  8-»  ^ed.  eq.  T.  +  14™  i8«*4,  true 
alt.  21**  ai'  7*,  aum  of  loga.  9-466109,  honr-angle  4'*  2i«  SS*»    Longitude  6^*  8'  15*  B. 

By  jSajMT  .*  TruQ  alt.  21*  20'  57',  log.  aine  aq.  9-466i44»  hour-angle  4^  21^  56".  Z9ngit%id$ 
69®  r  30'  B. 

17.'  Interral  48*,  rate  3»*3,  interval  72*  19**,  aocamulated  rate  —  4~  o»,  Green,  date  April 
30^  18**  54"  3%  red.  deol.  15*  o'  i'  N.,  red.  eq.  T.  2*  58*  tubt,  true  alt.  a8*  18'  45",  aum  of 
loga.  9'46o265,  hour-angle  4^  19*  57*.    Longitude  140°  44'  o*  B. 

By  Saper:  Tiue  alt.  28^  z8'  33",  aine  aq.  9*460308,  hour-angle  4^  19^  57 1*.  Long%tmd$ 
140**  44'  Y'S  B. 

18.  Interml  58^  rate  x**6,  interval  99'  i6\  accumulated  rate  —  2»  39«*4,  Green,  date 
April  20*  i5»»  48"»  55-  8,  red.  deol.  ii<>  43'  4s'N.,red.eq.T.fii*<.  i«  15%  true  alt.  ^i*  59'  22% 
aum  of  loga.  9*360725,  hoar-angle  3^  48™  59'.  Longitude  at  eight  179°  42'  B.,  dilf.  longitude 
-|-  29'  54*  givA  longitude  at  noon  179*  48'  6'  W. 

hy  Saper  :  True  alt  31®  59'  i8%  sine  aq,  9*360741,  hour-angle  3»»  48'"  59*.  Longitude  at 
noon  i79«  48'  6*  W. 

19.  Interval  48',  rate  i**35.  interval  113'  Z\  acoamulated  rate  -f  2«  2i**7,  Green,  date 
Aaguat  21*  8^  22*  2%  red.  decl.  12*  2'  3'  N.,  red.  eq.  T.  -}-  2"  56%  true  alt.  34^  2'  i%  aum  of 
Inga.  9'3)oi5s«  hoar-angle  3^  4on  22*.  Longitude  at  aighta  179*  52'  o'  W.  +  29'  54*  W. 
Longitude  at  noon  179*  38'  6'  B. 

By  Baper  :  True  alt.  34**  i'  51',  log.  aine  aq.  9*330197,  hour-angle  3^  40*  23*.  Longitude 
I79*37'5**B- 

20.  Interval  27^  rate  o**3  gaining,  interval  20*,  aconmalated  rate  ~  6%  Green,  date  March 
ao*  ih  32m  ^^^  red.  decl.  d*  8*  39*  8.,  red.  eq.  T.  -|-  7«  37»,  true  alt.  29^  T  4*,  aum  of  loga. 
9*410708,  hour-angle  4^  y^  s^*f  ^•'^*  >^^P  March  19*  20^  3«  4i«.    Longitude  82*'  16'  15'  W. 

By  Saper:  True  alt.  29*  o'  57',  log.  aine  aq-  9*4107  33»  hour-angle  4<>  3»  56*.  Longitude 
8a^  1 6'  15*  W. 

ar.  Interval  32',  rate  o*'8  gaining,  interval  1 13*  2l^  accumulated  rate  — >  t*  31*,  Green, 
date  8eptemhAr  22*  ao»»  54"  32%  red.  decl.  o®,  red.  eq.  T.  —  7*  33%  hour-angle  2^  57«  sS*f 
H.T.  ahip  September  2 1*  ao**  $4^  3^**    Longitude  o^  o'  o'. 

By  £aper  :  True  alt.  45*  31'  5^  hour-angle  2®  57'  56*.    Longitude  0°  o'  15*  W. 

SUMNER'S  METHOD,  Ta^g  248. 

I.  lat  red.  decl.  7°  47'  5 1*  S. ;  lat  red.  eq.  T.  1 2»  39**95  (added  to  A.T.) ;  lat  true  alt. 
>9*  57'  '7*;  l*t.  49**  10'  givee  hoar-angle  i"*  26«  45';  long.  178*  45*  i$*B.  (A).  Lat. 
49*  40'  givea  hour-angle  i»»  19"  50";  lonir.  180°  29*  o*  E.,  or  179*  31'  o'  W.  (A'),  and  red, 
decl.  7*^  43'  6*  8. ;  2nd  red.  eq.  T.  12*  37**5  (added  to  A.'r.) ;  2ad  true  alt.  15*"  55'  57'' :  lat. 
49*  lo'  givea  hour-angle  3^  3Sn  4*;  long.  179*  58'  7**5  E.  Lat  49^  40'  K.givea  hour-angle 
3^  36"*  3";  long.  179*  27'  5a'  5  E.  The  line  of  bearing  when  the  firat  altitude  waa  taken  . 
trends  N.E.  by  E.  |  E.  Azimuth  S.  25*  B.  Line  of  bearing  B  B'  N.N.  W.  |  W  weeterly, 
astmnth  8.  57}^  W.  The  p;>siiion  of  ahip  when  the  aeoond  altitude  waa  obaerved  waa  lat. 
49^  20'  N.,  long.  178^  48'  E. 

a.  lat  red.  decl.  19**  44'  29*  N. ;  iit  red.  eq.  T.  --  3»  46*;  true  alt.  49*  8'  2* ;  lat  48*  30' 
givea  hour-angle  a'^  24»  49";  M. T.  ahip  May  18'  21^  31"^  25";  long.  70  33}'  \Y,  (A).  Lat. 
49®  o'  givea  hour-angle  a"*  21"  54*;  M.T.  ship  Miy  i8<  21^  3j"  20";  long.  7*  4f'  W.;  and 
Kd.  decl.  19^47' 31"  N.;  rtd.  eq.  T.  3- 45«*4  •k*^  ;  true  alt  40^  56' 2' ;  kt  48' 30' «ivea 
hoar-aniele  3^  19'"  36*;  long.  6*  aif  W.  (B).  Lat.  49®  o' givea  hour-an«le  3^  18'"  37*; 
loHK.  6*  36I'  W.  The  line  of  bearing  when  the  first  altitude  waa  taken  K.N.B.  {  £.,  trae. 
Aaimuth  8.  59*'  B.  Line  of  bearing  B  B'  N.  by  W.  }  W.  weaterly,  asimulh  8.  7i|  W. , 
Hid  pontion  of  ship  when  the  leoond  altitude  waa  obierred  waa  lat  49*  i'  N.|  long.  6*  37^'  W. 
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3.  Mt  re4.  dgfil.  16*  33'  31'  8. ;  itt  red.  eq.  T.  y6«  9^**^  mbU  \  uit  t«p  bU.  19*  jS'  y ; 
lat.  4S*  10'  K.  gi^Ees  boar^Migle  i^*  59"  49";  loag;.  11°  15'  W.  (A^  I^^t.  4$^  40'  N^^fiTC* 
hoor-angle  i*  54-  ^5*;  k>9g.  9**  56J'  W,  1^%  and  ?ed,  decL  16?  37'  14*  S. ;  md  red-  eq,  Tp 
i6»  8*  n^/.;  2od  true  alt.  10*  57'  46';  Ut.  48*  10'  gives  hou^-angle  3^93"*  ^o*;  Iqjb^. 
io»  23t'  W.  (B).  Lat.  48*'  40'  N.  gWcB  hour-angle  3*'  ao«  5i» ;  long,  i  !•  3I'  W.  (BO-  T^ft 
line  of  bearing  at  first  obeervation  trendi  N.E.  by  E.  i  E.  and  S.W.  by  W.  J  W.  A^imnth 
-8.  31*  E.  and  Hoe  of  bearing  B  B'  N.  W.  |  K.,  azimuth  8.  48*  W.  The  ship's  position  at 
time  of  second  obserTation  is  Ut.  48**  33'  K.;  long.  io»  41'  W. 

4.  ist  red.  deol.  16^  3a'  34'  8.;  ist  red.  eq.  T.  i4»  3^0  add;  ist  true  4^.19*  59'  26'; 
lat.  4«P  10'  gives  hour-angle  i^  59"  46*5 ;  loiig^  0*^44'  51}*  W.  (A).  Lat.  48*^40'  gives  hflv- 
angle  i^  $4^  33*;  ^^g*  ^'*  33i'  ^*  (^')-  ^°<^  ^^"  '^^^^  "*"  ^'  5>'*  '■'^  ^^1-  '^^  28'  38'  S. ; 
and  red.  eq.  time  14''  4»  atf<f ;  lat.  48*  10'  glvea  how-angls  3<>  34^  3*;  long.  oP  14'  £.  (B). 
Lat.  48^  40'  gives  hoar^aBgle  3^  a  i^  26* ;  long,  ti*  35}'  W.  (B*).  The  line  of  b«ariag[  at  first 
observation  runs  N.E.  by  E.  ^  B.  and  S.W.  by  W.  i  W.  Azimuth  8.  31^  E.  and  line  of 
beAfing  B  B'  K.W.  i  N .  northerly,  aiimvik  8.  49*  W.  The  ridp's  position  at  seoond 
observation  is  lat.  48*  18'  K.,  long  o**  4'  E. 

5.  iBt  red.  decl.  4*  28'  4^'  N. ;  rst  eq.  T.  4-  i»  add;  rst  tr«e  dt.  27®  57*  r4»;  hit  54^  o' 
gives henr^aagle  3»»i7"^4a»j  long. e^  191-' B.  (A).  I^. 51^ 3(/ gives  hoar-angle  3^15" 45*; 
long,  o^  49'  »•  (A'),  and  red.  decl.  4®  33'  43*  N.  j  snd  rod.  eq.  T.  3«  57*-a3  Mdd{  and  true 
alt.  37*  46'  4*';  !»*•  5"'  o'  gi'««  hour-angle  ii»  54*  aa*;  long.  ©•  5 J'  W.  (B).  Lat.  5^1**  30" 
gives  ho«r>angle  i^  50"»3*;  long.  1^  lo^'  W.  (F).  The  line^of  beasing  at  fintt  observation 
trends  N.N.E.  {  E.  and  8.8.W.  |  W.  Azimuth  8. 59*  E.  3nd  observation  B  B'  N.W |  W., 
asimuih  8. 3*}'  W.   The  posation  of  ship  at  second  obssrvation  9  lat.  5 1*  3'  K^  long.  o»  9^  W. 

6.  isfe  red.  decl.  3»  at'  53*  N. ;  ist  red.  eq.  T.  5-  4o»-59  add;  ist  trae  alt.  36*  48'  55'; 
lat.  51*  4</  gives  hour-angle  i^  35*  19*;  long.  i8d°  59'  30*  B.,  or  i79»  oj*  W.  (A)^  Lat. 
51^  10'  gives  hoor-angle  i»»  4o«  38';  long.  179®  39}'  E.  (A');  3nd  red.  decl.  %•  27' 56' K.;  ' 
3ndred.eq.T.5»35*'&<MWi  2nd  true  ait.  15*23' 35*;  lat.  5 1' 40' N.;  hour-angler 4k  32- lo*; 
long.  i8o!*  9'  E.,  or  179*  51'  W.  (B).  Lat.  51°  lo*  gives  hour-angle  4^  33*  5*;  l^ng. 
i8o«22f  B.,Qri79*37i'>^-  The  line  of  bearing  at  flcttoW«>«illtion.ti«BdsaW.  by  W.fW. 
and  N.E.  b(f  E.  i  E.  Asim«th  8.  31*  £,  and  line  of  beafviff  BB'  8.  by  E.  ^  £.  easterly^ 
azimuth  8.  ^4^  V.  The  position  of  t^  ship  at  the  second  obsevration  k  M.  51^  e'  If ., 
long.  nsT  3»i'  W. 

7.  ist  red.  deol.  23*  4'  6*  N;  ist  red.  eq.  T.  o»  46«*i  tubt.,  itt  true  alt  3i».  19'  ^r ;  lati 
48*  o' ;  honr-anglfi  4**  32«  43* ;  long.  38*  5}'  E.  (A).  Lat.  48''  ao'  gives  hoi|rfei|gie4>  ^»  44*; 
long.  38'  5'  ^  (A'),  and  red.  decl.  23^  4'  30*  N. ;  2nd  rod.  eq.  T.  o»  45*  mik^  and  alk 
53°  I'  42*;  lat.  48*  o'  gives  hour-angle  2»  17*  47S  V>ng.  ^7*'  43'  «i»  W-  IM.  4»^ao:  giwo 
hour-angle  a^  i6»  3^*;  looff*  SS""  of'  £•  (B'}.  The  Une  of  beari«g  M  fi>«t  obiMvniioQ 
trends  K.  and  8.  Azimuth  E.  and  line  of  beaming  B  B'  N.N  Jl.  {  E.,  aaimuth  8  59*  E. 
The  position  of  the  ship  at  the  second  observation  is  lat.  48**  15'  N.,  long.  37^  56}'  E. 

•8.  ist  red.  decl.  19^  6*  55*  8.;  ist  red.  eq.  T.  i2«  24*-8  o^fnf ;  ist  true  alt.  9*  46'  38%  lat. 
51®  15'  N.  gifos  heur*angle  2»»  56«  8«;  long.  I79'  36!*  W.  (A).  Lat.  50*  45'  gives  hour- 
angle  2^  59«  38* ;  long.  179*  3of'  E.  (A').  2nd  red.  decl.  19^4'  30*  8.;  md  red.  eq.  T. 
12"  27«-2  add;  2nd  true  alt.  18°  40'  21*.  Lat.  $1*  15'  N.  gives  hour-angle  o»»54«  i8«;  long. 
178'*  3f  B.  (B).  Lat.  50°  45*  gives  hour-angle  i^  6«  9*;  long.  f78«  58J'  W  (F).  The  line 
of  bearing  at  the  first  observation  trends  8.W.  ^  W.  Azimuth  8.  43*^  E;  2nd  Hne  of 
boating  B.  by  8. }  8.,  azimuth  8.14*  W.  The  position  of  the  ship  at  the  second  observation 
iolat.  50P  50^  N.,  long.  179'*  27*  W. 

9.  ist  red.  decl.  o^  10'  13'  N.;  itt  red.  eq.  T.  7»  2a**3  add;  ist  true  alt.  22*"  59'  25% 
lat.  5<y»  10'  N.  gives  hour-angle  3*  30«  45*;  long,  (f  35'  15*  W.  (A).  Lat.  50*  50'  givea 
hour-angle  3^ a 8«  1 6«;  lonar. o** 2* E.  (A).  2ad red. decl. 0^15*48*9;  and  eq.T.7"  i8*Ai^; 
and  true  alt.  32^  40'  10*.  Lat.  50**  10'  N.  ghres  hour-angle  2^  12"  37' ;  long,  o*^  16 J'  E.  (B). 
Lat.  50^  50*  gives  hour-angle  2*»  7-  34' ;  long,  o®  59J'  W.  (B^  The  line  of  belong  at  first 
observation  trends  N.N.E.  {  E.  and  8.8.  W.  |  W.  Azimuth  8. 59°  E.  and  Une  of  bearing 
B  B'  N.W.  (  W.,  azimuth  8.  39}*  W.  The  position  of  the  ship  at  the  secoxid  obfervafion 
iolat.5cP47KN.,pP54'W. 
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10.  itt  red.  ded.  %f  11'  1'  8. ;  rit  red.  eq.  T.  i»  39"-3  9U\  ut  true  alt.  9''  4a'  18*;  lat. 
5o»  oC  gives  hour-angle  a*»  a9«  7*;  long.  o«  39J'  W.  (A).  Lai  y^  ao'  givee  honr-angld 
afc  a6«  a»;  long,  o®  7  J'  E.  (A'),  and  red.  ded.  as**  10'  30*  8. ;  and  red.  eq.  T.  a»43«-a  9U\ 
and  troe  alt.  i5«  51'  aS" ;  lat.  50*  o'  gives  honr-angle  o^  53*  48* ;  long.  i»  9J'  E.  (B).  Lai 
50P  ao'  giyea  honr-angle  o^  43"*  4a* ;  long,  i*  aa^'  W.  (B).  The  line  of  hearing  at  the  first 
ohserration  trends  N.E.  hy  E.  and  8.W.  hy  W.  Azimuth  8.  34**  E.  and  line  of  hearing 
B  B*  W.  hy  K.,  azimuth  8. 1 1^*  W.  The  position  of  the  ship  at  the  second  ohseryation  is 
lat  50P  9'  K.,  long.  o. 

1  r,  ist  red.  deol.  as*  as'  55'  N. ;  ist  red.  eq.  T.  +  o«  30* ;  ist  true  alt.  5a'  i'  31^ ;  lat. 
48®  50'  gives  hour-angle  i>  a3«  3a*;  long.  48®  13I'  E.  (A).  Lat.  48*  10'  gives  hour-angle 
jh  a^m  ^a«.  long.  47"  41  J'  B.  (A'),  and  red.  deol.  %f  %i  %"  K, ;  and  red.  eq.  T.  -|-  o-  3i»'3 ; 
and  true  alt.  63«  45*  7^  Lai  48*  50'  gives  hour-angle  o»»  3a-  34-;  long.  47°  asj'  B.  (B). 
Lat.  48^  10'  gives  hour-angle  o^"  43»  34* ;  long.  56*  8|'  E.  (B).  The  line  of  hearing  at  the 
first  ohservation  trends  8.8.W.  \  W.  and  N.N.E.  \  E.  Azimuth  8.  6a*'  E.  and  line  of 
bearing  E.8.E.,  azimuth  8.  aa*  W.  The  position  of  the  ship  at  the  seoond  ohservation  is 
iat.  48**  »9'  N.,  long.  48-  49f  E. 

la.  ist  red.  deol.  13**  30'  a9'  8. ;  ist  red.  eq.  T.  9vhU  i6«  ii« ;  ist  true  alt  a8*'  a8'  14' ; 
lai  47*  30'  gives  hour-angle  o»»  35«  45«*5 ;  long.  75*  17'  i"-^  W.  (A).  Assumed  lai  47'  50* 
this  gives  hour-angle  ©»»  a i"  33' ;  long.  7 1«  44'  W.  (A*).  Red.  deol.  1 3*  33'  as"  8.,  red.  eq.  T. 
16-  ii»-5  %yhU\  lat.  47°  30'  gives  hour-angle  3*  i«  8«;  long.  73**  33'5»r  W.  (B).  Lat. 
47*  50'  gives  hour-angle  a^  59«  i3«'5 ;  long.  74**  a}'  W.  (B'),  The  line  of  hearing  at  the 
first  observation  trends  E.  |  N.  and  W.  {  8.  Azimuth  8.  %\^  E.  and  line  of  bearing  B  B' 
K.  45^  W.,  azimuth  8.  45®  W.  The  position  of  the  ship  at  the  seoond  observation  is  lai 
47**  39'  N.,  long.  73*  4«'  W. 

TBTTE  AZDiUTUS,  Pag^  254. 

I.  8.  980  43'30*E.  5.  N.  ia3*56'W. 

a.  8.  41  58  18  E.  or  8.  56  4  W, 

3.  N.  75  58  4  W.  6.  Easi 

4*  8.  60  9  36  W. 

AZmUTHS,  Pag$  265. 

iroTa.^In  flaob  of  tho  fdUowing  «xaiiipUs  fh«  Moond  liiM  givM  tlis  antwin  by  Aatib*!  Tablsi,  and  the 
thiid  lin«  is  the  aniwtn  by  Time  Aiimuth  Tables. 
No.       aTeeii.date.  Bed.deoL      Traealt.  Sninoflogs. 

X.    Jan.  a3<a3k46"  ;•       ig'ia'jiy'B       3*"34'3a"     X973x65» 

38  34  so        973»«4 
Lat.  a6*  B.  and  ded.  19*  S.,  app.  time  at  ship  8h  iS"  A.ir. 

a.    Fteb.  a8    9  43    4  7  48  55  B       «7    7  43       i9*«9a9o5 

«7    7  33        9«9«955 
Lat.  39*  N.  and  deol.  8*  8.,  app.  time  at  ship  3^  4*  p.m. 
J.   ICnr.  S7034xa         S3543N       S94S3      19  7oa75« 

«9  40  58        9'7»a7S3 
Lat  ^  N.  and  deoL  3*  N.,  app.  time  at  ship  4^  <>■  p.m. 

4.  April  a  19   o   8         5  13    8  N       it  50  41      19*^0673 

zl  50  aS        9-650706 
Lat  5qP  N.  and  deoL  5*  K.,  app.  time  at  ship  5^  is*  f  k. 

5.  ICsy  s6  ai    9  3a        ax  16  19  N       43  19  41      I9'4i6948 

43  19  34        9'4*70«o 

Lat  S5«  N.  and  ded.  ai«  N.,  app.  time  at  ship  9^  8"  a.m. 

6w    Jime  14  XI    4  40        S3  X7  34N       xx    8  48       X9*xaii49 

IX    8  43        9  iax3ox 

Lat  43«  8.  and  ded.  s3»  N.,  app.  time  at  ship  8^  56*  a.m. 

.7.    July  3x    X    6  46        x8  X7  x8K       43  35  48      X9*6oax38 

43  35  40        9"6oaiS9 

Lat  38*  N.  and  ded.  x8e  N.,  app.  time  at  ship  8^  48-  a-x. 

.8*    Aug.  S3    a  57  38        xx  a6  xoN        7  43  a8      Z9'75989a 

7  43  X5        9'7S99a4 

Lat  5X«  N.  and  ded.  xx^  N.,  app.  time  at  ship  5^  5a*  a.x. 

;9.    Ang.  3z  xo  a9  X7         8  3X    3  IT      40   o    4      X9*257Xoi 

39  59  55        9*a57»75 
Let  48«  N.  and  ded.  {I"K.,  app.  tints  at  ship  9^  36"  a.!!. 

AAA 


Tnie  asimath. 

Error. 

DsTiation. 

K94W58''B 

X5*43'58"E 

xio7'58»B 

N94S9    3B 

1544    3  B 

XX    8    3E 

N94  3a    oE 

15  47    oE 

XX  XX    0  B 

8  5a  33  50  W 

10    5  so  E 

1  a4ioW 

85236    4  V 

xo   6    4E 

X  S3  56^ 

8  5S47    oW 

xo  17    0  E 

X  X3    oW 

N89a956W 

xo  44  55  W 

71456^ 

^8929  55  W 

io  44  55  W 

7  14  55^ 

H8936    oW 

xo  51    0  W 

7  ai    oW, 

S835730W 

6    a3oW 

15  xa  3oW 

8  83  57  45  W 

6    ax5W 

X5  xa  X5W 

B83J9    oW 

6    X    oW 

X5  XX    oW 

B  6x  a8    9  E 

0  x6  51  B 

x6    X  5X  B 

B  6x  as  a7  E 

0  x6  33  B 

x6    X  3  J  B 

B6056    oB 

049   oE 

x6  34    0  E 

N4a  38  34  B 

5  xo  XX  W 

x6  so  xx  W 

W4a  38  44  S 

5  10    x  W 

x6so    xW 

N4a  3a   0  B 

5x7    oW 

x6  27    oW 

8  78  88  x8  B 

3    8  x8W 

5  4*  4aB 

8  78  a8  35  E 

3    8S5W 

5  41  35  B 

B  78  xo    0  E 

a  50    oW 

6    0    oE 

ir8xaol9B 

15    0  X9  E 

xo  S9  4t  W 

N8X  SO    1  E 

X5    0    X  E 

.xo  29  59W 

N8x  a9    0  E 

X5    9    oE 

xo  ax    0  W 

8  50  X9  x6  E 

19  59  «9  B 

2S  a9a9E 

8  50x9  33  B 

Z9  59  xa.B 

*5*9iaB. 

84953    oB 

1096   oB 

2556   9B 
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Vo«      Oneo.  4ate.  Bed.decL      I^ealt.  8am  of  legs.  Trne  irimnth.        Enor*  Deriatioii. 

low    KoT.  a^    7  30  a8        30  49    9  8       34    «  »       I9*696x3i  N^37  36W       i  26  ai  W  ix  49  azW 

34 'a  IS        9*696141  1789  37  41  "W      3  86  96^  11  4S  a6W 

£at  4d" 8.  and  dacL  2z«  8.»  aipp.  time  Rt  ship  4^  8»  P.M.  98930   oW      ai9o'W  1x41    o^W 

21:    neo.  84.  6  24  40        a3  25  30  8       la  43  17      19*319316  ■  48    a  a6  W       5  '3  49'^  19   6  xxB 

.    la  43    3        9*a  W04  B^    a  4a  W       5  a3  33  ^  19   6  27  ]J 

Lat.  36*  N.  aad  ded.  a3*  S.^  app.  time  at  ahip  3k  18-  p.11.  8  48  xo   o  "W      $  16   o  W  19  14    o  B 

ta.    Jtme  x3  23  18  x8        23  x6   6ir       36    o   o      i9*SSSaoa  l^xo^  »*   ^  ^  19  10  53  E  3^  xo  53  ]S 

35  59  4>        9*355271  N  X06  al  44  £  19  10  39  B  36  10  19  B 

Lat6o«N.  ded.  a3oN.,app.timeatBhip8k8«A.M.  NX0613    oE  i9«oS  36aoB 

.  13.  Bed.  eq.T.^rM*fr<ftmi|li,l.;  app.  time  at  ahip  Jan.  6^  4^57*97* '•!(•;  red.  deeUaa*  19' i8»  a; 
true  alt.  a6**  46'  54* ;  aom  otloga,  19733974  i  ^roo  aaimut^  N.  94"*  40'  18^  W. ;  exror  of  ooropaaa  10*  0^  18"  W« ; 
deyiatlon  if  50'  xS*'  W, 

By  Baper  .-*-^Trae  alt  a6«  46'  47";  aine  aq.  9*732991  >  trae  aaimuth  K.  94«  40^  17"  W. ;  error  of  compaaa 
10*  o'  27"  W. ;  deriation  17*  50'  27'  W, 

By  Jims  Ammuth  Tbbies  .^-Lat.  48"  8.,  deol.  aai«-8.  {$mm«  name),  and  app.  tixne  at  ahip  4k  s^a  toL  givea 
true  aatmutli  8.  Hs^  4a'  W, ;  extor  of  oompaas  9^  38'  W. ;  deriatian  170  aT  W. 

14.  Bed.  eq.  T.  o*  I3«*a  mi6<.  fh>m  X.T. ;  app.  time  at  ahip  April  14' 8k  56-  Z3'  ▲.v. ;  red.  decL  gP  yf  18*  N. ; 
imealt.  350  43'xo«;  aom  of  loga.  19*398074;  trae  asimath  8.  6op  c/ 37"  E. ;  error  of  oompaaa  15*  55' 38"  S.  | 
deviation  3«  44' aa"  W. 

By  JI^0r.<^Tnie  alt  35*  43'  f;  aine  aq.  9*398x24;  true  aaimiitli  &  60P  oT  50^  E.;  enor  of  oonpaaa 
tS*  55'  asf  E. ;  deviation  3''  44'  35."  "W. 

By  l%me  AMumth  Tablet ."— Lat  48^  K.,  deed.  9^^*  N.»  and  apip.  time  at  ahip  8^  56"  am.  giyea  troa  asimxuBi 
K.  119P  ao'  B. ;  error  at  oompasa  15^  16'  E, ;  deyiation  4^  2^  W. 

■  15.  Bed.  eg.  T.  1 3'*  a4"7  tuH.  from  K.T. ;  app.  time  at  ship  Jan.  ag'  3^  33"  lo*  p.x. ;  ted.  dedl.  17*  51'  15* 8. ; 
trae  alt  13*  47'  a8" ;  earn  of  loga.  19*840391 ;  true  aalmutb  8.  49?  17'  5a"  W, ;  eiror  of  eompaaa  3x<>  32*  8*  W.  | 
a«Ti$tionxi«2'8*'W. 

By  it^p«r  .<^Trae  alt  13**  4/ 13";  aine  ag.  9*240481 ;  troe  aiimuth  8. 499  x8'  x«"  W, ;  enor  of  mmfum 
310  31'  48*'  w.  I  deviation  ii<»  1'  48"  W. 

By  Tims  AMmuth  Tablet  .<— Lat  42^  N.,  ded.  x8»  8,  (eontrmy  namea),  abd  app.  time  at  diip  3^  a4*  p.ic. 
giyea  trae  aiimoth  8.  49^  33'  W. ;  error  of  oompaaa  310 17^  W. ;  deriation  io»  4/  W. 

16.  Bed.  eq.  T,  X4"  27*  tubt.  froni  M.T. ;  app.  time  at  ahip  Teb.  ii<  8^  58«  6*  A.M. ;  red.  ded.  14^  3'  28^  8. ; 
trae  alt  xa^  18*  43* ;  sum  of  lo^.  19*166x67;  trae  aaimath  &  45"  x*  96*  B. ;  enor  of.  eompaaa  8*  2/  51*  W. ; 
deriation  xo*  4/  9"  E. 

By  AqMT.^^Trae  alt.  12*  18^  37";  aine  04.  9*166231 ;  trae  aaimath  8. 4$«  1'  48* B.;  eixor  of  oanpaai 
r28'3»W.;  deTiationio«>46'57*E. 

By  TTffM  JjtimMth  Tbiht :— Lat  53*  V.,  ded.  140  8.,  and  app.  time  at  diip  8^*56- 1.11.  giyea  trae  admath 
B-  45*  35'  E. ;  error  of  oompaaa  9P  x*  W. ;  deviation  xo^  14'  B. 

17.  Bed.  eq.  T.  13-  50*  tubt.  from  If  .T. ;  app.  time  at  ahip  Ttlb.  1*  3^  31-  x«  p.x. ;  red.  ded.  17*  4'  aa*  & ; 
traaalt.  46*  f  at'';  aom  of  lege,  19*651796 1  true  adtnuth  N.  84*  $'  32*  W. ;  emr  of  eompaaa  13*  15'  32'  W. ; 
deviation  16^  24'  a8*  E. 

By  itapir.'^Trae  alt  40*  7'  13";  dne  a^  9*6518x13  fame  admath  If.  84*  5' 38"  W.;  arrpr  9f  eomiMii 
x^o  J5'  38»  w.  I  davUtion  x6«  a4'  22*  E. 

By  TUns  Aamtfth  Tablet ."— Lat  34*  0.,  ded.  x7«  a,  and  app.  time  at  ahip  3^  32-  p.m.  givaa  trae  aaimuth 
B.  84*  4'  v. ;  errtfr  of  oompaaa  13®  14'  V, ;  deviation  i&*  96'  B. 

18.  Be^  eq.  T.  X4"  o*  eubt,  from  M.T. ;  app.  time  at  ahip  7eb.  ao^  9^  ii-  191  a.x.  ;  red.  ded.  »•  f  33*  8. ; 
trae  alt  xi«  28'  34" ;  aom  of  loga.  19*104778 ;  troa  aaimuth  S.  4x0  48*  X4''  E. ;  error  of  oompaaa  44<>  36'  59"  W. ; 
deviation  14*  36'  59*  W. 

By  Maper  .wTrae  alt  ix^tSf^rf;  aine  aq.  9*104870;  true  aaimuth  8. 41*  48*  31"  & ;  error  of  aoBpaiB 
440  37' i6»  V. ;  deviatiom4<»  3/ 16"  V. 

By  ^m«  AMimuih  Tablet  .-^Lat  60"  IT.,  ded.  ii^  8.,  and  app.  time  at  ahip  ^  12-  a,ic  ti^w  troa  admuth 
8. 49«  S*  B. ;  error  of  oompaaa  44**  55'  ^*  i  deviatten  14**  55'  W, 

KEaDUOTION  TO  MERIDIAN,  Pag$  273-274. 
METHOD  I. 

il  Bed.  eq.  T.  5»  1 1»-9  tM.  firom  M-T. ;  time  from  noon  i4»  »■ ;  red.  deol.  aa»  43'  16*  S. ; 
im  alt.  30®  ad'  If;  nat.  no.  1386;  nat.  ooe.  mer.  sen.  diet.  507967.    ImUM*  36^45*  i*  N. 

a.  Bed.  eq.  T.  x i»  44*«4  Mf»f .  from  M.T. ;  time  from  noon  15-  i6*,  red.  deol.  7*  56*  5a'  8. ; 
true  aH.  38*  6'  33*;  hat.  no.  1586 ;  nat.  oos.  618947 .    ZatUutU  43*  49'  39*  N. 

3.  Bed. eq. T. 7« 43»a  jii3<.  from  M.T. ;  time  from  noon aa»  i ©• ;  red. decL <*•  17' %i' 8. ; 
true  alt.  47**  57'  «S' J  »»*•  no-  35*^;  nat.  ooe.  746116.    ZatUmU  4a*»  a'  3"  8. 

4.  Bed.  eq.  T.  i-  18-8  add  to  M.T,;  time  from  noon  i8«  33S  red.  dacl.  ii«>  50'  4*  N,; 
tvnaait.  6i'  39'  i";  nat.  no.  2459 ;  nat  ooe.  882524    LaiUmU  39*  53;  io»  N, 
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6. 
true 
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true 
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lO. 

II. 
I  a. 
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«7. 
iS. 

19. 
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Red.  eq.  T.  ^  s^i  add  to  It.T. ;  time  from  noon  ion  a8" ;  r^.  dool.  ai*>  39  51'  K. ; 
alt  30»  3j'  8";  nat  no.  771 ;  nat,  cos.  509094.    Latitude  37®  43'  56*  8. 

Bed.  ^.  T.  o»  59«*a  ttibt.  from  M.T. ;  time  from  noon  15"  $*  i  '^  <^^*  >3^  *^'  3'  N. ; 
alt  68*  48^  a8' ;  flat.  no.  I419 ;  nat  cos.  933793.    Zatitmle  44°  34'  a'  N. 

Ked.  eq.  T.  5^  44''9  iubt,  from  M.T. ;  £ime  from  noon  5'*  4o> ;  red.  deol.  a  i*  33*37*  N.; 
alt.  67"^  5a'  44';  nat  no.  385 ;  nat.  oos.  926676.    Laiittidi  0°  41'  11'  8. 


Green.  Date. 
Aug.     39*  15k  a"44« 
8  13     9     3 

10  18  47  58 
3  17     I  39 

33  I  j8  58 
5    8  58  38 

38  a  3  fi 
liaroE  3o  II  47  a8 
April    la  10  46  39 

ro  16  ^3  16 

33    30  55    50 

11  a  15  13 

ai    7    4  4» 


06t. 

Nov. 
Pec. 
Jan. 
At)rfl 


Beo. 

Alar. 
8ept. 


No. 


Time  noon.        Bed.  deoL 
2o»a4«        9^10'    4*y. 

3    a  5  3a    a  N. 

18  ID  6  55  ao  8. 
ao    5  14  58    9  8. 

9  14  33  36  38  8. 

17  33  33  34  36  8. 
1337  14  ^5jN. 
16  56  01  36  N. 
to  19         8  49  56  N. 

19  19  aa  59  9  8. 
43  34  ao    7  49  N. 

18  39  -3  40  48  8. 
31    6         o  13  35  N. 

METHOD  n. 

TraeAlt(Norie).  Trae  Alt  (Baper). 


IVaeAlt 
57^34'    6* 
85  30  34 
36  44    4 
7a    a  33 

65  »3  36 
5«  n  34 
5^  40  4 
10  30  47 
80  36  18 

50  «3  41 
41  8  51 
3*  35  9 
43  55  a» 


30** 36' If 
38    6  33 

47  57  *5 
61  39     I 

30  3i  » 
68  48  38 

67  p  44 
57  34  6 
85  30  34 
3^  44  4 
7  s  3  33 
6s  a3  36 
5;  17  34 
5^  40  4 
70  30  47 
80  36  18 
50  13  4» 
41  8  5» 
3*  35  9 
43  55  »a 


30*26'   4* 
38    6  37 

47  57  i$ 
61  38  54 

?o  33    5 
8  48  ai 

^7  5a  35 

57  34  I 
85  30  3' 
36  43  5» 
73    3  15 

«5  a3  35 

58  '7  3a 
5^  40  » 
70  30  37 
80  36  16 

50  13  34 
41     8  41 

3»  35  4 
43  55  H 

BY  TOWSOK. 


.  I.  Aug.  DeoL 

i'20''  33*»45'36*8. 

fa  7  57  54  8. 

>  4  o  17  35  8. 
I  19  It  5a  33  N. 
I  14  31  41    5  N. 

I  44  33  38  47  N. 

>  31  31    33  49  N. 

-j^.  «    6  9  13  10  N. 
This  hour-angle  exoeeda  the 

{  10  6  58  30  8. 

)  19  15    I  38  8. 

[I  a3  37  39  *• 

\  35  "  3*  "  «• 

[37  14  II  19  N. 

-i-    ^    o  o    I  36  N. 

'JfhiB  hour-angloesoeeda  the 

'      4  "  33    3  3«  8; 

19  33  ao  27  II  N. 

6  43  3  41  30  8. 

04  o  13  39  N. 


Index, 

31 
38 
58 
41 
13 

50 

limitaof  the 

76 

47 

9 

33 

33 
36 

liftitaofthe 

39 
104 

4» 
57 


Net  No. 

*937 
86 

5^t5 

3M4 
504 
3669 
1621 
3580 

999 
1503 
5940 
1574 
3^4* 


Latitude. 
4i«>i7'   3*N. 

9  57  39  g- 
4S  58  10  H. 
3a  ao  17  S. 
47  58  5»  g. 

8  so  19  N. 

18  59  54  8. 

19  o  44  8. 
o  tt  19  8. 

6a  37  33  8. 
68  3'  45?. 
60  59  13  8. 
45  35  33  S. 


Latitade  (None). 
36^45*    I'N. 

43  49  38  N. 
4i  I  45  S. 
39  53  5  N. 
37  43  55  8- 

44  »3  57  N. 

O  41    13  8, 

4t  16  56  W. 
957    oN. 

4558  5N- 
33  10  33  8. 

47  58  45  »• 
8  50  14  N. 

18  59  49  8. 

19  o  35  8. 

O  II   31  8. 

62  37  23  8. 
68  31  37  If. 
60  59  13  8. 

45  35  33  8. 


Ang.II. 
--     3' 


--  3'  r 
--  5  48 
-^  18 15 

4-  30     6 

--    I  5» 

+  16  37 

"    a  17 

Table. 

--38  56 

--  5  "5 
4-  14  10 
--  8  48 
«<•  37  II 
Table. 
+  13  34 
+  46  43 
+  7  6 
+  »5i^ 


Latitude  (Saper). 

36*'45'   9'N. 

43  49  44  N, 
4a  I  46  8. 
39  53  "  N. 
37  43  58  8. 

44  H  4N. 

O  41  31  8. 

41  17  iN. 
9  57  Z^^ 

45  58  17  N. 
33  19  40  N. 
47  58  47  8. 

8  50  16  N. 
18  59  52  a 
»9  o  35  8. 

o  II  338. 
62  37  308. 
68  31  46  K. 
60  59  18  8. 
45  35  41  8. 

Latitade. 
36^45'   6'N.       , 

43  49  45  N. 
4»  I  55  8. 
39  53  16  N. 
37  43  55  8. 

44  »3  5»  N. 
o  41  10  8. 

41  17  la  N. 

4558    iN. 

31  20  108. 

47  58  48  8. 

8  50    8  N. 

18  59  49  8. 

19  o  36  8. 

62  37  36  8. 
68  31  37  K. 


60  59  15  I 
45a3«t 
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Nous. 

No.  DMUnfttion.  True  Alt.                Latitode.  True  Alt 

I.  a8»2S'  23'N.  75*"  5'  5S'8-  43°>»'  >8'N.  75**  S'  4^'8.  43''22'  37'N. 

».  45  52  50  N.  53  53  45  N.   9  46  35  N.  53  53  3^  N.   9  46  28  N. 

3.  38  41  6  N.  49  55    ^'^'        »  a3  5»  8-  49  55  »  N.    1  23  53  8. 

4.  49  27  44 N.  5'  46  49  N.  II  14  33  N.  5'  4^  39  N.  11  14  »3  N. 

5.  10  34  136.  63  13  18  S.  16  la  19  N.  63  13  17  S.  x6  12  20  N. 
[6.  57  48  25  8.  40  5  30  8.  7  53  55  8.  4©  5  »<>  8.  7  53  45  8. 
-7*  14  33  3^^*  7^  '>  >^8.  26  12  12  N.  78  11  188.  26  22  20  N. 

8.  22  55  55  K.  68  15  54  N.    I  II  49  N.  68  15  49  N.    i  11  44  N. 

9.  16  16  44  N.  29  52  9  N.  43  51  7  8.  29  51  59  N.  43  5«  '7  8. 
io.  62  28  42  8.  75  4  59  8.  47  33  4i  8.  75  4  54  8.  47  33  3^  S. 

11.  8  10  238.  30  16  288.  51  33  9N.  30  16  208.  51  33  17  N. 

12.  44  52  45  N.  20  7  12  N.  25  o  3  8.  20  7  2  N.  25  o  13  8. 
«3-  8  34  34  N.  60  45  36  N.  20  39  50  8.  60  45  27  N.  20  39  59  8. 
14,  16  34  4  8.  5«  55  9  N.  47  3*  55  8*  5*  55  5  N-  47  38  59  8. 
f5.  19  46  10  N.  79  42  38  8.  30  3  32  N.  79  42  30  8.  30  3  40  N. 

16.  26  10  49  8.  68  42  51  8.    4  53  40  8.  68  42  48  8.    4  53  37  8. 

17.  60  22  I  8.  9  52  32  8.  19  45  27  K.  9  52  24  8.  19  45  35  N. 

18.  30  13  58.  70  3  15  N.  50  9  50  8.  70  3  14  N.  50  9  51  8. 

S0XJNDINGH3,  Page  312. 

1.  The  nearest  high  water  to  time  of  toandiiig  in  Jane  16'  9^  4*  am.  Time  from  high 
water  o^  42*;  height  ahove  half  tide  9  ft.  9  in.;  o^  42^  and  9  ft.  9  in.  gire  oorreotion 
-(•9ft.  fin.;  half  •pringrange9ft.6in.  -|-  oorreotion  9  ft  tin.  =  Oonection  for  aoondingi 
iM.  18  fL  7  in. 

2.  Time  from  high  water  1^7"^;  height  aboTO  half  tide  5  ft.  i  in. ;  i^  7<*  and  5  ft.  i  in.  giro 
oofieotion  +  4  ft  3  in. ;  half  spring  range  6  ft  9  in.  +  oorreotion  4  ft  3  in.  =  Ooneotton 
for  sonndings  9ubL  11  ft  o  in. 

3.  Time  from  high  water  2^  4*;  height  above  half  tide  4  ft.  11  in.;  2^  4*  and 
4  ft.  II  in.  give  correction  +  2  ft.  4  in. ;  half  spring  range  5  ft.  9  in.  -|-  oorr.  2  ft.  4  in.  = 
Oomotion  for  sonndings  tukt.  8  ft.  1  in. 

4.  Nearest  high  water  to  time  of  sounding  is  October  23'  i  ii>  iS"*  p.k.  Time  from  high 
water  ^^  s^  >  ^^^  spring  range  7  ft.  2  in. ;  height  above  half  tide  7  ft.  4in. ;  31*  s^^  And 
7  ft  4  in  =  oorreotion  —  3  ft.  5  in.    Oorreotion  for  soundings  tukt,  3  ft.  9  in. 

5.  Standard  port  of  reference,  Liverpool;  constant  for  time  —  0^55"*;  constant  for 
height  —  4  ft.  10  in. ;  time  of  high  water  at  Beanmaris  2^^  35»  a.ic  ;  height  of  high  water 
at  Beanmaris  17  ft  5  in. ;  time  from  high  water  i^  27a;  height  above  half  tide  6  ft  2  in; 
2i»27«and  6  ft.  2  in.  give  correction  +  i  it  9  in. ;  half  spring  range  11  ft.  3  in. +  oorreeiioa 
I  ft.  9  in.  =s  Oorreotion  for  sonndings  iubt,  13  ft.  o  in. 

6.  Standard  port  of  reference,  Greenock ;  constant  for  time  —  o>»  19B ;  oonstant  for 
height  —  o  ft.  6  in. ;  time  of  high  water  at  Lamlash  i^  44»  p.ic ;  height  of  high  water  at 
Lamlash  8  ft.  9  in. ;  time  from  high  water  i^  48'" ;  height  above  half  tide  3  ft  9  in. ;  i^  48* 
and  3  ft.  9in.  =  correction  +  >  ft*  *i  ^^-i  1^1^  spring  range  5  ft.  oin.  Oorreotion  ibr 
soundings  tu^t,  7  ft.  a)  in. 

7.  Standard  port  of  reforenoe,  Sunderland;  constant  for  time  +  0^  49*;  constant  for 
height  -f  I  ft  5  in. ;  time  of  high  water  at  Soarbro'  g^  18^  p.m.  ;  height  of  high  water  at 
Scarbro'  12  ft.  9  in. ;  time  from  high  water  i^  51**;  half  spring  range  7  ft.  10}  in.;  height 
above  half  tide  4  ft.  io|  in. ;  1^51*  and  4  ft  io|  in.  =:  oorreotion  •)-  2  ft  9  in.  Ooireotion 
for  soondinigt  filM.  lolt  7i  in. 
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8.  Standard  port  of  reference,  Tharao ;  constant  for  time  -|-  %^  i»;  oonatant  for  height 
—  7  ft  3  in. ;  time  of  high  water  at  Lerwiok  io>>  44™  ▲.ic ;  height  of  high  water  at  Lerwiok 
7  ft.  I  in. ;  time  from  high  water  a^  6™ ;  half  spring  range  3  ft.  o  in. ;  height  above  half 
tide  4  ft.  I  in. ;  a^  5™  and  4  ft.  1  in.  =  oorreotion  -|-  i  ft.  10  in. ;  oorreotion  for  soundings 
•nM.  4  ft.  ID  in. 

9.  Standard  port  of  reference,  Londonderry;  constant  for  time  — >  l^i^^;  constant  for 
height  —  I  ft.  6 in.;  time  of  high  water  at  Coleraine  i*^  6"  p.k.';  height  of  high  water  at 
Odleraine  4  ft.  7  in.;  time  from  high  water  2^  i-j^;  half  spring  range  3  ft.  1}  in. ;  height 
above  half  tide  i  ft.  5}  in. ;  2>»  27"  and  i  ft.  5}  in.  =  correction  -)-  o  ft.  5  in. ;  correction 
lor  sonndings  iubt^  3  ft.  6}  in. 

EXAMINATION  PAPER— No.  I,  Pages  418-422. 

I.  Log.  5*861612  =  nat.  no.  727130.    Log.  5*801620  =:  nat  no.  633316. 

a.  Log.  2*698971  =  nat.  no.  500.  By  Raper:  log.  2*698970  ^  500;  log.  0*477121  =s 
nat  no.  3. 

3.  Tme  Connes.— S.  14'  W,  15'  dep.  oonrse;  S.  28*  W.,  45';  N.  76*  W.,  49'; 
N.  48*  W.,  38';  N.  85^  W.,  31';  S.  22»  W.,  36';  S.  54»  W.,  41';  8.  4a'  W.,  8*  cnrrent 
course.  IHf.  lot.  ^^''^  S.,  dtp,  1 83'*4  W. ;  eouru  8.  67**  W. ;  rfirt.  199'.  Zat:  in  35^  45*  N. ; 
mid.  Ua.  36"*  24';  dif.  Umff.  228';  hng,  in  i2<'  48'  W. . 

4.  Oreen.  date  Jan.  i'  6^ 50™  44" ;  red.  ded.  22^  59'  1 3'  S. ;  tme  alt.  60*  12'  47'.  Zaiiiude 
6°  48'  o"  N. 

By  ]Up$r  :  Tme  alt  6o*  1 2'  38*.    Latitude  6*  48'  9'  N. 

5.  Log.  of  diff.  long.  2*048016  =  dH^,  hn§,  ri  l'•^, 

6.  Diff.  lat.  2 19'  8. ;  mer.  diff.  lat.  292';  diff.  long.  380'  W. ;  log.  tang,  of  course  10*  1 14401 ; 
soMTM  S.  52°  27'  38*  W. ;  log.  of  distance  2*555607 ;  duUmM  359'*4« 

7.  Standard,  Brest  constant  +  4^  ^*;    91>29»a.m.,  and   9^46»pjc 

n        Portsmonth       „       —  2  41  ;  1045   a.m.,  andii    4   p.x. 
„         Devonport         „       —  o  46  ;    6  35    ▲.x.,  and   6  51    p.x. 

8.  Green,  date  January  i'  5^  23*  24*;  red.  decL  22*  59'  31''  8.;  log.  sine  tme  amp. 
9*788530.    Tme  amp.  E.  37^  54' 59' S.    Ermrofeow^pMM^i^^'tffB,   2Wta<ibM2*49'3i«W. 

9.  Interval  31^,  rate  6*'3  gaming.  Interval  28'  71*,  aoo.  rate  2"^  58*-o,  Q-reen.  date  Jan. 
*9*  ^^  53"  49%  wd.  ded.  17*  51'  15*  8.,  tme  alt.  13®  47'  28%  hour-angle  ^  22"»  41%  red.  eq« 
time  ttdd  \y^  24"*9,  mean  time  at  ship  29'  3^  36"  6*.    Longitude  49°  25'  45'  W. 

JSajMT  .*  Tme  alt  13^  47'  13';  hour-angle  3*>  22*  42*.    Longitude  49<>  25'  30'  W. 

10.  Green,  dale  Jan.  15^6^  ii*  12%  red.  ded.  21*  4'  50^  8.,  tme  alt  55*  18'  24%  sum 
of  logs.  19*723149,  tme  asimnth  K.  93*  16'  $6"  E.  Bnor  nf  comptus  16*  16*  56'  E.  JDmation 
r  26'  s^'  B. 

By  jumper  :  Tme  alt  55^  1 8'  22',  sine  sq.  of  aaimuth  9*723 151,  tme  aiimuth  N.  93*  16*57'^  B. 
Aror^^omiMM  16^16' 57«E,    2Wta<ft0fi  8^  26^  57' E. 

Timi  asnmnth:  Bed.  eq.  T.  tubt,  9»  43**3;  apparent  time  9^  30°^  o*.  Due  tutimutk 
B.  86*38' E.    DmMmni  S*"  32' E. 

I I .  Time  from  noon  1 6^  47%  Gkeen.  date  January  1 6^  i4>»  1 8»  S5\  v^*  ^^  *^  49'  ^4'  ^t 
tme  alt  33^  7'  1%  nat  no.  2026,  nat  cos,  mer.  aen.  dist  548376,  mer.  sen.  dist.  56^  44'  40*  N. 
Ztstitudi  35«  55'  16'  N. 

Mbthod  n.—Bf^Mr :  Tme  alt  33*  6'  58%  reduction  +  8'  19'.    Latitude  35''  ss^  19'  K. 

Sbumn:  Ang.  I  3'  5%  ang.  ded.  ao*  52'  29%  index  31.     Aug.  II  5'  22'.     Lntifude 
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la.  ist  red.  ded.  jo®  57'  14*  B.;  eq.  T.  +  9"  57»-i;  title  ill.  fNoritJ  13*  6'  sfl 
Utitude  4S«  50';  polar  dirt,  i id*  57'  14';  hoar-aogle  2^  25«  5o«;  longitade  7'  58J'  W.  (A). 
IaI.  49«  ^<^ ;  hoar-ahgle  a^  f 9-  470.  LmfUmU  6<'  a7f  W.  (A'),  and  red.  dacL  aoP  ss'  6'  8. ; 
ittd  red.  eq.  T.  ^.  io»  i* ;  and  true  alt.  14^  10'  40*.  Lat  48*  50'  giTes  long,  s^  ss^  ^-  (^* 
Lat.  49"  30'  gives  long.  7°  36}'  W.  (B').  The  line  of  bearing  at  tlie  firet  obeerraUon  irendi 
N.E.  {  £.  (easterly).  Sun's  asimnth  S.  35*  E.  Ship  at  the  second  observation,  lat. 
49'*  40'  N.,  long.  7<*  59'  W.  and  line  of  bearing,  B  B',  N.W.  by  W.  (westerly).  Aaimath 
S.  3aO  W. 

CYOLONES,  OB  B£YOLYING  STOBMS. 

I.  In  Northern  hemisphere  oentre  bears  8  points  to  the  right  of  th«f  dixoetion  of  the 
wind;  therefore  the  oentre  bears  S.W. 

a.  The  wind  yeeHhg  to  the  right,  the  ship  would  b4  In  the  Hght-hsnd  semicirde.  I 
would  sail  her  with  the  wind  on  her  starboard  side  until  in  a  safe  position,  and  then,  if  need 
be,  heave-to  on  the  starboard  tack.  Shoiild  the  barometer  a^ain  Ml,  sail  W  as  before^ 
further  out. 

3.  The  change  in  the  direotion  of  the  wind  might  be  the  reverse  of  that  given  in  queatioii 
ai  if  the  stonn  was  stationary  for  a  time,  or  one  of  slow  progress,  and  the  ship-advaaoing  in 
the  line  of  the  storm's  progression  fiister  than  the  body  of  the  storm.  Also,  if  the  ship  wevs 
in  the  other  semieirde,  or  if  another  area  of  low  pressure  were  following  on  the  heels  of  tha 
first,  as  is  often  the  case  in  the  (jhina  typhoons,  and  also  in  the  Bay  of  Bengal. 

. .  4.  When  a  ship  is  in  the  line  of  progression  of  the  centre  of  a  cyclone,  there  is  tittle  or 
no  change  in  the  direotion  of  the  wln<l,  which,  however,  is  increasing  rapidly  in  force,  with 
a  continually  falling  barometer,  a  dangerous  sea,  and  ugly  banks  of  clouds  in  the  direotion 
of  the  storm  fields. 

5.  When  a  ship  is  (a)  appraaehmg  tk4  «mUr9  the  batoomter,  already  low,,  falls  very 
rapidly,  the  wind  blows  furiously,  and  shifting  rapidly  (eicept  ship  on  the  line  of  progres* 
lion),  accompanied  with  a  corresponding  high  cross  sea ;  ifi)  ncedmjf  from  the  centre  the 
barometer  rises,  the  wind  abates  in  force,  and  the  sea  begins  to  go  down. 

6.  In  answer  to  thl»  queetiott  see  Page  41 1 . 

EXAMlNATiOlT  IK  OHAET. 
JFbr  qU  gradet  tchere  the  Chart  U  uaed, 

I.    Magnetie  ooane  from  Gape  La  Have  to  the  Needles,  N.N.W.iW.,  or  N.a5<>  19' W» 
Oompass  course  N.  aa^  19'  W.,  or  N.N.W.,  distance  95  miles.    Deviation  3^  W. 
'   II.    Hagnetio  bearing  of  Giipe  La  Heve  S.  17^  4'  £.,  or  S.  by  K.  i  B.    Magnetic  bearing 
of  Fecamp  8.  6a^  4'  E.,  or  S.E.  by  £.  ^  E.    Lat.  490  50^'  K. ;  long,  o^  16}'  W. 

III.  zst  magnetic  bearing  N.  ji°  56'  E.,  or  £.  by  N.  }  N. ;  and  magnetic  bearing 
8.  50'  49'  E.,  or  S.E.  }  E.    Lat.  50^  18'  N. ;  long,  i*  4^  E.  -,  dist&Uce  18  miles.      • 

IV.  Magnetic  course  N.  8*  26'  W. ;  deviation  6^"  W. ;  oompass  oonrae  N«  a*  11'  W^  or 
K.  i  W. ;  distance  31  miles. 

y.  Standsrd  Port  for  Eeference-- Portsmouth;  constant  for  time  —  i**  55*;  oonMaal 
far  height  — -  6  ft  o  io. ;  time  of  high  water.  Needles,  10^  29"  a.k.  ;  height  at  bigh  waler. 
Needles,  8  ft.  o  in.;  time  from  high  water  i*^  3o»;  height  above  half  tide  4tt  3  in.; 
lb  30"  and  4  ft.  3  in.  =  correction  -(*  3  ^*  o  iu.;  half  spring  range  3  ft.  9  in.  Cbrr»9tioH 
iot  ioundfaig  aubt,  6  ft.  9  in. 

13.    Star's  decl.  16®  16'  44*  N.,  true  alt.  52"  30'  36'.    ZatituA  53^  46'  H*  *. 

Itaper :  True  alt.  5»*»  36'  z*'-    LaHlud$  st  4^'  "*  N. 
*   The  Olurte.— OoriPsct  magnetic  bearing  S.  79*  W. 

Deviations.— I5«W.;  0°;  io»E.;  14*"  E.;  15'' E.;  7'E.;  lo^W.;  ai^  W. 

Oempass  oourses.^N.  47"  W. ;  N.  a7j«  E.  •  S.  nf  E.;  8.  8J0  W.'- 

Hagnetio  oourseSi-^N.  41**  W. ;  N.  73^  B. ;  8.  7°  E. ;  8.  6t  W. 

Bearings,  magnetiow«-N.  840  S.;  N.  14*  W. 
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EXAMINATION  PAPBEr-No.  U,  Fage9  425-427. 
I.    7-602321  =  40024074.    IiOf .  6*297979  =s  aat.  no.  1986000. 
a.    4*477121  ^  30000.    Log.  5*000004  =  Dftt.  no  looooi. 

3.  True  Conrsef.— N.  5i<*  E.,  18'  dep.  oonne;  S.  73"*  E.,  52';  S.  58*  E.»  43';  N.  57**  £., 
36';  N.  38OE.,  27';  8.  2i»E.,  24';  S.  4o*E.,  29';  S.  39°  E.,  12'  carrent  coarse.  JHff. 
hi,  39'-7  S.;  d^.  i8|"8  £. ;  eouru  S.  78*  E.,  186'.  Lai.  in  46»  51'  N.;  mu^  fo/.  47^  11'; 
dif.  img.  (mid,  lot,)  267}',  or  4<»  27^  E.    LongUude  m  48*  5}'  W. 

4.  Green,  dale  Jan.  31'*  i8>»  47"  4*,  or  long,  in  time  5**  i2«  s^\  >*d'  ^«<^1-  >7**  9'  34*  8- ; 
troe  alt.  78*  17'  52*.    ZatUude  5*  27'  26'  8. 

By  Saper  :'  True  alt.  78°  17'  51'.     ZaiUud$  s^  »7'  25*  S. 

5.  Log.  of  diff.  long.  3*192576  ^zdtfr.  long,  1558'. 

6.  Biff.  lat.  2404'  8.;  mer.  diff.  lat.  3104' ;  diff.  long.  3692'  W.;  tang,  coarse  10*075340; 
UMITM  8.  49*  56'  42*  W. ;  log.  of  distance  3*57*370,  distance  3736'. 

7.  Standard,  Sanderland,  constant  -|-  o^  5 8b  ;  10^ 40"  a.ic.,  and  1 1^  15"  p. m. 

„         Pembroke,  „       — o  z6  ;  11  52    a.ic.,  and  Ko        p.m. 

„         Leith,  „       —2  21   ;    6  25    a.m.,  and    7    2    p.m. 

„         Bevonport,         ,,       —  z  13   ;  zo  17    a.m.;  and  ro  51    p.m. 
„         Brest,  „       —147   ;  oorr.forloog.  — zow;  8>»9«A.M.,8k47»p.M. 

8.  Oreen.  date  Febmary  19'  18^  zo«  12* ;  rod.  deel.  zi®  o'  18'  8. ;  sine  9-290336;  trno 
amp.  W.  zi<*  i5'9'8.     Error  of  eompau  i^^  41' 6' E.    J>mation  ^^  %i' 6' K 

9.  Bate  io*-8  loiing.  Interval  $q^  ^^^ ;  aco.  rate  5'»  28* ;  Green,  date  Feb.  9<>  9I*  30"  41* ; 
red.  ded.  14®  32'  48*  S. ;  trae  alt.  9"  14'  3* ;  red.  eq.  time  add  i4«  27*;  log.  9*321744 ;  hour- 
angle  3^  38»  4«;  M.T.  ship  February  9'  20^  36«  23*.    Xongituds  166^  25'  30'  E. 

Eap$r:  True  alt.  9*  13' 5 2";  sinesq.  9-321825;  hour-angle  3i*38»  5*.    £<m^.  z66*  25*  15*  E. 

zo.  Ghreen.  date  Feb.  16*  5**  29"  51s  red.  deel.  12*  Z5'  i6'  8.;  true  alt.  7*  15'  55*;  sum 
of  logs.  19*399792;  true  asimuth  8.  60^  8'  28*  E.  JSbw  23<»  48'  HT  W.  Dooiaiion 
z*»zz'32'E. 

Mapor  :  True  alt.  7*  Z5'  42';  sine  8q..9*399S57  =  8.  60^  8'  46"  E,    Jhnation  i^  «'  Z4*E. 

Tims  aaimuih  :  Bed.  eq.  T.  Z4»  z6«*4  iubt.  from  M.T. ;  app.  time  a*:  ship  f^  53»  19"  a.m. 
Lat.  51**  N.,  deel.  Z2}'»  8.,  and  app.  time  7**  53'«'  give*  true  assimuth  N.  119*  48*  E.  Ikvidtion 
ji*8'B. 

iz.  Bed.  eq.  T.  14*  2Z>*2  stAt,  horn  M.T. ;  app.  time  at  ship  Feb.  Z4<>  23I*  3ZB  rs*;  tioie 
from  zioon  28**  48";  red.  deel.  12®  44'  %"  8. ;  true  alt.  46*  31'  34'  N* }  nat.  no.  4304;  nat. 
00s.  729993 ;   len.  diet.  43*  6'  5 1*  8.    Laiiiuds  55*  50'  53*  S. 

MxTHOD  IL^Saper :  True  alt.  46^  31'  28* ;  reduction  +  2z'  35'.    Zatitude  55^ 50  59^  8. 

Toioeon :  Aug.  I  +  5*  53* »  index  76 ;  aug.  deol.  i%*  49'  55*.  Aug.  II  +  27'  30'.  LatUndi 
SsT  50'  5»'  8. 

Z2.  zst  red.  deel.  ze*  4z'  28*  8.;  red.  eq.  T.  +  Z4»  ©•;  true  alt.  1^*  59'  43';  lai.  47®  10' 
gives  hour-angle  2^  7»  48* ;  long,  z 79^  17)'  E.  (A).  Lat.  47^  40'  gives  hour-angle  2^  3"  5* ; 
long.  z8o»  28J'  B.  or  Z79«  31I'  W.  (A').  2nd  red.  decL  z6°  37'  23'  8. ;  2nd  red.  eq.  T. 
+  i4«  !•;  2nd  true  alt.  zz*  za'  34'.  Lat.  47*  zo'  givea  hour-angle  3>»  26«  37*;  long. 
«79*  4H'  W.  (B).  Lat.  47*  4©'  «>▼«•  lioar-fwgle  3»»  24«  6«;  long.  Z790  33J'  E.  (B'),  The 
line  of  bearing  at  first  observation  lies  K.E.  by  E.  (easterly).  Sun's  true  bearing  8.  32}°  E. 
The  ship  at  second  observation  in  lat.  47**  Z3('  N. ;  lozig.  z79<^  53'  W.  2Bd  line  of  bearizig, 
BB',N.W.iK.  (northerly).    Azimuth  8.  48*  W. 

CTOLONES,  OB  BJSVOLVING  8T0BM8, 

I.  Bearing  of  centre,  Bait. 

II.  Left-hand  seznicirole.  Bun,  keeping  the  wind,  if  possible,  on  the  starboard  quarter ; 
and  when  the  barometer  rises,  if  necessary,  to  keep  the  ship  from  going  too  far  ^m  hei 
proper  course,  heave-to  on  the  port  taok  (see  page  408). 

III.  6^e  azzswer  to  same  question.  Paper  J. 
<   lY.    Bee  aziswer  to  same  question.  Paper  I. 

y.    Bee  answer  to  same  question.  Paper  I. 
YI.    9e««mwertO|taBS9Mstion^.|«ge.4ia. 
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EXAUINATION  IN  OHAET. 
J'br  aU  gradM  where  the  Chairi  ii  tuetL 

I.  Magnetic  coane  from  Needles  to  Gapa  Barflevr  8.  |  W.  or  8.  5*  38*  W.;  oompui 
course  South,  distance  59  miles;  deyiation  si^  B- 

n.  Magnetic  bearing  of  Ghristcharch  N.  11®  23'  W.  or  N.  by  W. ;  magnetio  bearing 
of  8t.  Oatherine't  8.  59**  11'  E.  or  S.E.  by  £.}£.;  Latitude  50*  38}'  N.;  Longitnde 
x0  42'W. 

III.  rsi  magnetio  bearing  8.  67^  38'  E.  or  E.8.E. ;  and  magnetio  bearing  N.  s^^  S'  E. 
or  N.E.  by  E. ;  Latitude  50^  si'  N. ;  Longitude  i<*  35'  W. ;  distance  17  miles. 

IV.  Magnetic  course  8.  by  E.  or  8.  xi*  15'  E.;  deyiation  2®  W.  Oompass  course 
8.  9*  15'  E. ;  distance  36  miles. 

y.  Standard  Port  for  Beference^Brest;  constant  for  time  -|-  5^  4**;  constant  for  height 
—  I  ft.  o  in ;  time  of  high  water  Cape  Barfleur  4^  29"  p.m.  ;  height  at  high  water  Cape 
Barfleur  12  ft.  o  in.;  time  from  high  water  1^54**;  height  aboye  half  tide  3  ft.  6  in.; 
ih  ^^m  and  3  ft.  6  in.  =:  oorreotion  -f- 1  ft.  iz  in.;  half  spring  range  8  ft.  6  in.  CoR6ction 
for  soundings  tubl,  zo  ft.  5  in. 

Z3.  Star's  deoL  5*  30'  37*  N. ;  true  alt.  77**  14'  a6'.    ZatUuds  i%*  16'  iz*  N. 

Maper :  True  alt.  77''  14'  zd«.    Laiiiude  jV  z6'  az'  K. 

The  Curve.— Correct  magnetio  bearing  S.  39**  E. 

DevUUons.-.5»W.;  Z9<»E.;  2f^;  Z3OE.;  4«»E.;  8«  W.;  22^  W.;  24^  W. 

Compass  courses.— N.  43«»  E. ;  N.  68<»  W. ;  N.W.  by  W. ;  N.  83^  B. 

Magnetic  courses.— S.  82<>  W.;  N.  52**  E. ;  8.  35®  W.;  S.8.B. 

Bearings,  inagnetio.--S.  80}*  W,;  8.  t^"  E. 

EXAMINATION  PAPER— No.  m,  Fa^$$  427.429. 

I.    6*370772  =  2348400;  5*316682  =  207339*7 z. 
a.    «'875495  =  75*075;  2*694089  =  494*4 z 25. 

3.  True  Courses.— 8. 70'  E.,  Z7'  dep.  course ;  8.  37®  W.,  2z' ;  8. 24<>  W.,  20' ;  N.  6t^  W., 
»4';  N.64°W,,25';  8.770E.,Z9';  8.28*E.,z8';  N.  54^K,  2  z' current  course.  Dif.  iat. 
26'- z  8.;  tbp.  5'*3  W.;  eouree  8.  zz»  W.;  ditt.  27'.  Zat.  in  6z«  34'  N.;  mid.  iat.  6ZO47'; 
dif.  Umg,  z  z'  W.    Long,  in  i^<f  49'  E. 

4.  Oreen.  date,  March  20*  z  z •»  33»  Z2%  or  long,  in  time  z  i>»  33«  Z2« ;  rod.  ded.  o**  z'  2z'  N ; 
true  alt.  89®  53'  28^    Latitude  oC  5'  z  z'  8. 

Meper  :  True  alt.  89*  53'  22'.    Latitude  o*  5'  Z7'  8. 

5.  Log.  of  diff.  long.  3-6i9Z56  ^  difi  long.  4161, 

6.  Diff.  lat.  688'  N.;  mer.  diff.  lat.  786';  diff.  long.  3625*  W.;  tang.  zo*663885;  eottree 
N.  77*  45'  5*'  W- 1  log*  of  dittanee  =  3'5Z  Z45Z ;  dietanee  3247'. 

7.  Standard,  Brest  oozistant  -|-  6^19™;    no  am.       and    o^  2"'p.m. 

„       Brest  „      +5  3»  ;    zz»'z4"a.m.,  and  zz  31  p.m. 

„       Portsmouth       „      —  2  31  ;    zz  Z3  a.ic.,  and  zz  32  p.m. 

n        Harwich  ,,      — .  3  5Z  ;    zz  20  a.m.,  and  zz  39  p.m. 

J,       Thurso  „       -f-  2    2  ;     o    9  a.m.,  and    o  28  p.m. 

„       Liyerpool  „      ^o  $5  ]     «    7  ^^-f  »nd    o  25  p.m. 

•   8.    Oreen.  date,  March  6*  Z4»»  47«  28* ;  red.  decl.  ^  25'  4Z*'  8. ;  sine  amp.  9* z  88477 »  *nie 
amp.  W.  V  52*  42*  8. ;  eorreetion  7*  59'  48"  E. ;  deeiation  z6«  0'  Z2'  W. 

9.  Bate  5«-8  gaining',  interyal  89*  23»»;  ace.  rate  8'»  4Z«*7;  Oreen.  date^  Maroh 
30*  22>»  53""  Z2«*5;  red,  decL  4»  7'  3z*  N.;  true  alt.  29**  Z9'  56*;  hour-angle  i^  56'  53^;  red. 
eq.  time  add  4»  z8* ;  mean  tizne  ship  Maroh  30^  2oi»  'j^  25*.    Longitude  41^  27'  o'  W. 

J^p«* ;  True  alt.  29®  Z9'  45* ;  hour-angle  3»»^6«  ^\    Longitude  41^  27'  15^  W4  - 
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10.  Qreen.  date,  March  9'  9^ 43'» 5»;  ;Ked.\4ttftl. .4^ao'4<i^ Q. ;  irue att.  US**  6'  51' ;  isam  of 
logs,  l$'6o^^o6;  trae  asimuth  N.  78051' 26'  E.    Corrtction  ^^^V  46* £. ;  dlnttis/Mfi  3^.^i'  34\W. 

JZa^MT.-  9*605717;  true  azimath  N.  ^Sf'i.i'  34"  9*  Gbrr^t^Mii  7°^8'54'^.{  .dimiMw 
30  ai'  a6'  W. 

IVm  ostmif^A ;  A^.  e^.  T.  ro«  37**4  ivibt,  from  ]|[.T. ;  app.  time  at  el^p  191*  23».  Trn$ 
tUMmUh  H.  loi^"  ix'  M.    Deviation  3**  24'  W. 

11.  Bed.  eq.  T.^S^  ii*  wbt.  fro^  M.JT. ;  app.  time  at  ship  Idmh  a,s^\€^  io«  ic*;  time 
from  noon  lo"  10*.;  ^.  deol.  1^  42'  31'  N. ;  tmoialt  71^  %i'  43'j  «f^^o.  924;  nat.  000. 
mer.  len.  diet.  948480  ^  i^"  2V  i^  Df .    ,Zaiitud0  ^"^  10'  49'  N. 

Mbthod  II.— J2a;^ ;  True  alt  71®  ai'  37*  +  10'  7'.    ZatUud$,2o^  10'  47'  N. 
TotMOfi;  Aug.  I,  +  o'  7*;  ipdex  no.  13.    Aug.  11,  +  io'^4*.    Zaitiftd^  >©•  jo'4i*  jN. 

ja.  i^tjred.  decl.  a*  45*  aa*  N.;  jat  eq.  T.  +  5«  aa«a;  true  alt.  3,^°  49'  ^a'}  Ut.  5i»  30 
g^yes  hQur-Angle  i>»  41"  36";  lonjir.  i8o'  39 J'  W.  or  i79*»  ao^'  E.  (A) ;  l^t.  51*  q^^vea  hour- 
angle  i>»46'"30»;  long.  181053'W.  or  178^7' jp.  (^l').  and  red. decl.?'' 51' ^5'^- J  ^ndx^A- 
«!•  T-  +  5"  «?•;  <"io  alt-  »5'  »3'  34';  !**•  5"**  3o'  giv«s  long.  179**  id'  W.  (B) ;  lat.  ^i®  o' 
givci  long.  179*  ^*  W.  (B).  The  line  of  hearing  trends  8.W.  hy  ^  Azimath  S.  34*  B. 
Ship  «t  time  of  nodud  dhservation,  lat.  $1*"  33'  N.,  long.  179P  ai'  W«  md  Una  of  booing 
BB,  8.  by  £.iE.  (easterly).    Aiimuth  8.750  W. 

EXAMINATION  IN  CHARJ. 
JFbr  dU,grads9  wh&r$  ike  Of^rjt  it  mufl. 

I.  Magnetic  ooqtm  Stam  JEa8t  Point  of  ftuypy  t«  fiesry  ISead,  K.  hy  V.4  W«,«^ 
N.  i6«  5 j'  W.    OomiHMS  ooucse  N.  11*  53'  W.,  or  N.  by  W.,  ^fiL  fe  miles.    Day.  «•  V.. 

JZ.  M^fnetio  bea^ngof  Hanois  8.  as""  W^  or  8.8. W-  Hf^gt^ti^  bearing  W  PiVVl««t# 
8.  87**  E.,  or  E.  i  8.    Latitude  49""  40'  N.  ;*  longiti^e.V  4i'\W^ 

III.  lit  magiietfe  ^bMsring,  Casqugts,  N.  57*  E.,  or  N.?.  by  £. ;  •.  tn^  ffiagw^ihwillng 
8.  68''  E.y  or  E.SJS.^  l^tud^  49**  45'  N. ;  iQogitpde  a**  43^'  W.{  d^ttncp  i3i  milgv. 

rV.  Mi^gnetio  oouiye  N.W.  f  N.,  or  N.  37**  58'  W.;  oonvpass  ooi^rae  N.  39°  40'  W.,  or 
K.W.  }.N.,  djstanoe  ai  miles.    DeriaUon  i''  4a'  E. 

y.  St^dard  Port  for  Be&r^oe— Devoppcirt ;  coqftant  for  ixi^p  +  o^  17B;  jcon^UiAt  i^f 
height—  I  ft.  9  in. ;  ttpe  of  iiigh  water,  Tort^^y,  o^" )«  p.if.;  height  of  hjgb  ws,t^,  Torbay, 
9ft6ia.;  Utiie  from  high  winter  3»  4o«4  htClf  ipcii)g.rf^)ge6/t  9io.;  hdlgl^lliifpye)^ 
tid»  a  ft.  9  4o ;  3^  40^  and  a  it.  4^  in.  =  correction  —  o  ft.  xf.  in.  GjprreQ^n  jot  ^un^iy 
9ubL  5  ft.  10  in. 

13.    Star.— Arotums'dedl.j^<>46'^N.;;bi|e4lt.^6«y^'.    LaiUmk  y(*  6' ^^'' %, 

Sap$r  :  True  alt.  36*  7'  aa*.    Latitude  34'  6'  a9'  8. 

The  OarTe.«-Oorreot  magntftio'bearing'B.  70^  E. 

Dffviatieas.— ^W.;  atfB.;  a5«B.;  agTB.;  fcP?L;  a4»  W.;  «5®  W.;  !*•  W. 

Oompass  oourses.-N.  35*  E. ;  8.  8a»  W. ;  N.  85}*  W. ;  8.  49*  E. 

Magnetic  ooi»ies.-&B.  by  8.;  N.  84I'' «.;  K.  46^  W.;  K.l^.  by  H. 

Bearings,  magnelie.— N.  S^¥  W. ;  N.  78}^  ^. 

JBSAmNATION  PAP£Br-No.  IV,  F000  4^9'H*^ 

u   <Log.  6*6oa33i  ?z  4eoa50o.    Lq|^.  4^61964  =s  7277s. 

a.    Log.  a*oo897o  =  ioa'087.    Log,  a*0334a4  =  168. 

S^ftme  draiMC.-^  1^'  dep.  asmrm;  8.  59*  W.,  s9'\  N.  11^  W^  15';  «.  a»»  B.,  9'; 
a  «a*  W.,  50';  N.  7a»  B.,  11*;  a  s»"  W.,  as';  8. 6a«  W,  4s',  «amnt  cooMo.  iilff.  i^A 
76^-8  & ;  d^.  142'^  W. ;  .eoutee  6. 63*  W. ;  diei.  l6a^  Xa<.  dbi  5 1"*  a^'  8. ;  4ef.  /^.  sa5'  W. 
iM^kMie  «•  iSi**  15'  W.,  or  176*  35^  E. 

4.  areen.  date,  April  i'5»  3 1*"  8s  red.  deol.4''3?'"'N.  ;trw  alt  4*^55' bT.  ML 
45*  41'  45*^  N. 

JStfjMr;  True  alt.  48<>  55' 19'.    .M«^^45^^^)S.   . 
Has 
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49$  Jsiiwen* 

5.  Log.  of  diir.  long.  3*774704  =  ^if-  ^'  595»*5^« 

6.  Biff.  lat.  5649';  m^r.  diff.  lat.  646a';  diff.  long.  199' W.:  tang,  conrse  8*665304; 
fwra$  N,  a®  38'  57*  W.;  lo^.  ditt  3-75143^;  <'«'•  S^SS- 

7.  Standard,  Brest  +  ^Hs^^    ^^  ^-^^t     ^^^  oI>26"p.m. 

„  Hall  +0    I  ;    no  a.m.,      and  o  27  p.m. 

„  Thnno  —  <  56  ;    o>>ii*a.ic.,  and  o  53  p.ic 

,y  Pembroke  +0    4  ;  1 1  49  a.m.,  and  no  p.x. 

,y  Wrtton-4Riper-mare  4*  o    1  ;    no  ▲.](.,     and  o  2s  pjf. 

,y  Waterford  -j*  o  44  ;  11  49  a.x.,  and  no  pjc. 

Ghreen.  date,  April  27'  iv^  i8»  50*;  red.  decl.  14*  7'  41'  N.;  log.  tine  9*492912;  tma 
amplitnde  W.  i8»  7'  34''  N.    Jfrror  i5<»  37'  26*  W. ;  dmaii&n  3*  32'  34*  B. 

9.  Bate  1 1»'3  loifng ;  interval  71*4**;  aoo,  rate  1 3»  24»*2 ;  Green,  date,  April  15*  4*»  3 5«  52"; 
red.  decl.  9*  49'  14*  N. ;  red.  eq.  time  tubt.  o»  o» ;  true  alt  26'  37'  25* ;  hour-angle  2'*  59"  y ; 
MLT.  ahip  Aprfl  15*  t^  59-  3'-    LongUudt  24*  12'  15*  W. 

Mt^fur  :  True  alt  26*  37'  20^;  sine  sq.  9*161331 ;  hour-angle  2*'  59»  3«.    Long,  24**  12  15*  W. 

10.  Bed.  deol.  10^  30'  4'  N. ;  true  alt  42'  20'  40*;  aum  of  logs.  19*447862 ;  troe  aaimnth 
8.  63**  57'  14'  W.    Brrwr  26^  2'  46*  W. ;  dmatiom  6*  la'  46"  W. 

Mapor:  Tme  alt  42*  20'  34';  sine  eq.  9-447890;  true  aiimath  S.  63*^  57'  23'  W.  Mrror 
9f€9mpa99  26*  2'  37"  W.;  depiation  6"*  12'  37'  W. 

Itm  ofMUfTA  .*  Bed.  eq.  T.  o«  28"  oAf  to  M.T. ;  app.  time  at  ship  April  17'  2^  50*  13*  r.ic 
2Vtf# 0MmtaJi  N.  ii6«  11'  W.;  $rror  o/compoMt  26»  10'  W.    iWMi/«Mi  6*  21'  W. 

11.  Bed.  eq.  T.  o«  47*  add  to  M.T. ;  app.  time  at  ship  23I*  3i>»  19";  time  from  noon 
a8»  41*;  red.  deol.  10*  58'  51'  N.;  true  alt.  54*  20'  16';  nat  no.  5310,  nat,  cos,  mer.  len. 
diit  817778  =  35*  r  13' N,    £.«<.  46*  7' 4*  N. 

MsTKOD  n.— JKiiiMr :  Tkne  alt.  54*  ao'  12';  Bed.  +  31'  37'.    Latitudi  46*  7'  2'  N. 
fbmoH  :  Aug.  I,  +  5*  5' ;  index  no.  76.    Aug.  II,  +  36'  28^    L<Uitud$  46'  7'  12*  N. 

12.  lit  red.  decl.  6"  vf  35'  N.;  eq.  T.  +  2»  29%  true  alt  45*  18'  i6';  lat  50'  2o'giTet 
hour-angle  o^  40*  48*;  long.  8®  32'  W.  (A) ;  lat.  50«»  50'  gives  hour-angle  ©•»  25»  43' ;  long. 
12°  18'  15*  W.  (A1.  2nd  red.  decl.  e*  30'  30*  N.;  eq.  T.  -J-  2«  26»*3 ;  true  alt.  25®  2'  11^; 
lat  5o*>  20'  gives  lonsr.  7**  » 3f  W- ;  ^a*-  SC*  5o'  ^'▼o*  long-  7**  3»i'  W.  The  line  of  bearing 
at  first  observation  W.  by  K.  Aaimuth  8. 1 1  i''  W.  Ship  at  the  time  of  second  observation 
in  lat  59*  N.,  long.  7*  7 J'  W.  and  line  of  bearing,  B  B',  N.  by  W.  |  W.  westerly. 
Aamnth  S.  69*  W. 

EXAMINATION  IN  OHABT. 
Jbr  oil  ^ai(W  iffA^rv  <^  CKwri  it  uttd. 

I.  Magnetiooou(se,West.  Dev.27*B.  Compass  course  B.  63*  W.,  or  S.W.  by  W.fW., 
distance  82  miles. 

II.  Masnetie  bearing.  Ohristchurob,  N.  lol"*  E.,  or  N.  bv  E. ;  magnetio  bearing.  Anvil 
Point,  N.  62.  W.,  or  N.  W.  by  W.  |  W.    Latitude  50*  34'  N. ;  longitude  i*  44'  W. 

IIL  ist  magnetio  bearing,  Bt  Catherine's,  8.  57*  E.,  or  S.E.  by  E. ;  2nd  magnetic 
bearing  8.  80*  B.,  or  B.  {  8. ;  latitude  50*  30}'  N. ;  longitude  2*  3'  W. ;  distance  29  miles. 

lY.  Magnetic  course.  West  Deviation  27*  B.  Compass  course  8.  63*  W.,  or 
B.W.  by  W.  f  W.,  distance  12  miles. 

V.  Standard  Port  Ibr  Beference— Portsmouth ;  oon«tant  for  time  —  4^  40" ;  constant 
Ibr  height  —  6  ft.  o  in. ;  time  of  high  water,  Portland  Breakwater.  7^  44»  a.x.  ;  height  at 
hisrh  water,  Portland.  8  ft  o  in. ;  time  from  high  water  ^^  45">;  he'ght  above  half  tide 
4  ft.  7l  in. ;  3*'  45"  *nd  4  ft.  7I  in.  =  correction  —  i  ft  9  in. ;  half  spring  range  3  ft.  4}  in. 
Correction  for  sounding  n^t.  i  ft.  7}  in, 

13.  Star.-Spica's  deol.  !©•  34'  23*  8.    Latitu^$  58°  34'  57*  N. 
J{s^:XraaaU.aQ^5o'a8<'S.   LatiM$  s^  zs' r  ^* 
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The  Cnrre.— Oorreot  magnetio  bearing  South. 

Deviati'oni.— 4»W.;  »7«»  W.;  36»W.;  30' W-;  7'^.;  33' E.;  35*  B.;  ai*»B. 

Oompass  ooumcs.— S.  40*  B. ;  S.  a?'  W. ;  N.  f  B. ;  8.  74*  B. 

Magnetio  couraes.— N.  17**  W.;  N.  i^Y  "^  J  N.  74*  W.;  N.  4°  W. 

Bearings,  magnetie.—Dev.  350  W.;  K.  80*  W.;  8.  %%Y  ^* 

EXAMINATION  PAPER-No.  V,  Pagei  431-433. 

I.    6-041523  =  nat.  no.  1 10033 1 ;  4*7354' 3  =  "**•  »<>•  54J7^*75« 
a.    2*826661  ^  nat.  no.  670*905 ;  7*657058  ^  nat.  no.  '00454002. 

3.  True  Conrtes.— 8.  6s*  E.,  23'  dep.  ooane;  8.  6'  B.,  56';  8.  14'*  W.,  17';  N.  8o»  W., 
13';  East,  37';  8.  44*  W.,  31';  K.  26'*B.,  17';  N.  85®  B.,  48' onrrent  oonne.  Diff.  lat* 
82'*4  8.,  dep.  80'  6  E.;  coarse  8.  44<»  B.,  dist  115'.  Lot,  in  6s*  24'  8.,  mid.  UU.  64''  43',  dif. 
ionf,  189'  B.    Long,  m  178^  30'  W. 

4.  Green,  date  May  %^  7*>  !»  8«;  led.  ded.  17*  9'  18'  N.;  tnie  alt  76"  14'  I2^  Ltd. 
3' 23' 30' N. 

Bapnr  :  Trae  alt.  ^6'*  14'  3'.    Latitude  f  23'  21''  K. 

5.  Log.  of  diff.  long,  3*699628  =:  Diff.  long,  5007*57. 

6.  Diff.  lat  7)2' 8.;  mer.  diff.  lat  881';  diff.  long.  1098'  W.;  log.  tang.  10*095626; 
oowrm  8.  51*  15'  27*  W.;  log,  o/dittanee  3*068060;  distanci  1169*6. 

7.  Standard,  Greenock    constant  ^-  o*'56»;     ii*>2in  a.m.,  and  ii>>4on  p.m. 

„  Liverpool  ,,  -*  o    i  ;  11  28  ▲.!£.,  and  11  46  P.x. 

„  8anderland  „  «- 1    4  ;  2  27  a.m.,  and    2  45  p.m. 

,,  Brest  „  -f- 2  18  ;  6  12  a-m.,  and    6  30  p.m. 

„  Dover  „  — o  27  ;  1054  a.m.,  and  11  14  p.m. 

8.  Green,  date  Maj  20^  16^  6"  24*;  red.  deol.  20**  6*  31'  N. ;  log.  sine  9*693622,  troft 
ftmp.  B.  29*  35'  45*  N.    £rror  ofeompau  12*  35'  30'  K ;  deviation  19*  14'  30*  W. 

•  9.  .Interval  36^;  rate  4**9  ^atntit^;  Interval  50^  21 1*;  aoo.  rate  —  4**  9*;  Green,  data 
May2i<>20>'59»i6*;  red.deol.  20*2i'9'N.;  red.  eq. T. «i*<.  3"  35»*9 ;  true  alt.  32^  19' 31'; 
sum  of  logs.  9*45165 1 ;  hoar-angle  4**  17"*  4";  mean  time  at  ship  May  2i<i  191^  39a  ao*. 
Longitude  19^  59  o'  W. 
JUper :  True  alt.  32*  19'  21';  hoar-angle  4^  i?"  5».    Longitude  19'  59'  15'  W. 

10.  Green,  date  May  25*  9»»  53»  5i«;  red.  ded.  ai°  i'  5*  N.;  trae  alt.  40*  54'  26';  snm 
of  logs.  19*632974 ;  trae  aadmuth  8.  8 !•  53'  44*  W.  or  N.  98*»  6'  16*  W.  Brror  20»  23'  44*  B. ; 
deviation  9°  53'  44*  B. 

Super:  Trae  a]t  40*  54'  22^^;  sine  sq.  9*632984;  trae  aiiniiith  8.  81*  53'  48*"  W.  or 
N.  98*  6'  1 2'  W.    Srror  2&>  23'  48*  B. ;  deviation  9®  53'  48'  B. 

Time  Anmuth :  Rei.  eq.  T.  3"  i7«*7  add  to  M.T. ;  app.  time  ship  May  2s^  3^  33*  5*  P.M.; 
true  oMimuth  N.  98^^  10'  W. ;  error  loP  20'  B. ;  deviation  9^  50'  B. 

I  r .  Red.  eq.  T.  3™  47**!  add  to  M.T. ;  time  from  noon  25*  23* ;  red.  ded.  17*  41'  43^  N. ; 
true  alt.  43°  39'  55*;  nat.  no.  5142 ;  mer.  aen.  dist.  45*  $5'  34*  8.    Latitude  28'  13'  51*  8. 

MsTHOD  U.^It'^per:  Trae  alt.  43*  39'  49";  Red.  +  24'  37'.    Latitude  28<»  13'  51'  8. 

Towson :  Aug.  I  -)-  6'  7';  index  63^.    Aa;.  II  +  18'  29*.    Latitude  iV  13'  46'  8. 

12.  ist  red.  ded.  2i»  44'  i8*  N. ;  ist  red.  eq.  T.  —  2"*  46«*7 ;  ist  trae  alt.  23"  52'i6'; 
lat.  50^  o'  gives  hoar-ans(le  s^  »3"'  15';  long.  9'*  19 J'  W.  (A).  Lat.  50*  30'  gives  hour-angle 
5*»  13"  34* ;  lon«r.  9*  24'  W.  (A*),  and  red.  deol.  2 1»  46'  49*  N. ;  2nd  red.  eq.  T.  eubt,  2«  44*; 
and  trae  alt.  56'  56'  35*;  lat.  50®  o*  gives  hoar-angle  i*»  27«  32';  long.  10^  34J'  W.  (B). 
Lat.  50*  30'  gives  hoar-angle  i"*  23«  35';  long.  ii»  33  J'  W.  (B).  The  line  of  bearing  at 
the  first  observation  trends  N.  (  VV.  8an's  trae  asimath  N.  84°  B.  2nd  line  of  hearing, 
B F,  N.W.  I  W.;  aiunath  8.  39*  W.  Ship  at  the  leoond  observation  in  lat  s^^  a'  N^ 
kag.  t^M'W. 
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EXAMINATI03SI,  TK  QHABT. 
IPor  all  grade*  tahan  th$  Chart  U  um4^ 

I.  Magnetic  eonrse  from  Smalls  to  Saltees  N.W.  |  K.,  or  K.  41*  W.  Deviation  3"^  E. 
Compass  course  N.  44^  W.,  or  K.^.,  distance  41  (  mil^s.' 

II.  Magnetic  bearing,  6f.  David'9  Head,  N.  &f «  4/  B.;  or  B.  |  N.  Hagnefio  bearihg, 
SmaUs,  8.  30'  45'  B.,  or  S.8.B.  i  B.    tatBil\ide.5i<»  45'  If. ;  kmgitwU  5"  44'  W. 

III.  ist  magnetic  bearing,  St.  Ann's  Head,  N.  73^  19'  B.,  or  B.  by  K.  |  N.;  and 
magnetic  bear^gt  Si  7««  34'  1%,  of  Bi  Ky  8. ;  latitude  s^  37'  li^'- ;  lb^g<tiide  5"*  44^  W; 
distance  aij  miles. 

IV.  Magnetic  course  N.N.W.  f  W.,  or  N.  30*  56'  W.  Deviation  10  W.  CompaM 
course  N.  39''  56'  W.,  or  l^.N.  W.  |  W.,  distance  16^  miles. 

-  Y.    Standard  Port  fbr  Beference— Pembroke ;  constant  for  tinde  -^  o^  tt^y  coiistant  for 
Keight  a;  tiine  of  high  water,  Smalls,  1 1^  57™  a.ic.  ;  height  of  high  water,  Smalls,  15  ft.  s  in. ; 
tike  from  high  wattf  a**  i5» ;  half  tfpring  range  10  ft.  6  in. ;  height  abore  half  tide  4  ft.  8  iir. ; 
2b  15m  and  4  ft.  8  in.  =  correction  -4-  i  ft.  9  in.    Correction  fbr  ■onnding-mift/.  ra  ft.  3  iM; 
.  r3.    4ttar.— Ster'a  deoli  10^  34'  13'  9.     LatUmU  36°  38^  7'  S. 

JUptr  :  True  alt.  70*  6'  16*.     Latitude  30<»  38'  7'  S. 

The  Onnre.^ — Correct  magnetic  bearing  N.  9j*  B. 

DeviaUons.— 3*>W.;  15*  W.;  33®  W.;  33?  W.;.  a^' &;<  94?  B.;  ajO  B.;  13O  B. 
.  Compass  courses.— N.  45}°  B.;  S.  71  J'  W.;.  S..49*  B.;  8.  39 J*  W. 

Aagnetio  courses.— Nl  3pJ*»  W.;  N.  460  B.;  8.  *j6^  B.;  8.  6i»  W. 

Bearings,  magnetic— 8.  8<'  B. ;  8.  85*  W. 

iaSlAMINAIION  PAPEE^-Nq.  VI,  Payw  433-43 >• 

I.    5*7291 17  =  nat.  no.  53594^7 ;  6"793^i<r  =  6117500^ 

a.    2*111111^  n%t.  no.  139*155  ;  1*995636  =  99*0. 

3.  True  Couriet.— S.  73«»  B.,  33'  dep.  course;  8.  75^  B.,  17';  8.  33*  B.,  33';  8.  i*  W., 
34';  SJ6i*B.,  35';  N.  69PW.,  i8<;  8.  43<»  W.,  17?;  N.  11 'B.,  ifiT  crurrent  course.  JKf. 
kit.  S5''9  S.,  dep,  46''6  B.;  iftmrm  8;  40**  B.;  diet,  73*.  JOat:  m  sf  16'  N.;  dif.  lomf. 
(Mercator)  83:*8  B.;  Umf.  m  i34»  17'  W.    ZHf,  Um§.  {bp mid^iat.\  83'  K ;  latig,  m  134*  17'  W. 

44  Q^reen.  date,  May  31'  17^  34»  59*{  red.  deol.  23^  o'  54""  N.;  true  alt  75^49'  26'. 
Zatitttda  T  50'  30»  K.  (Abr»»)« 

i20p«r  ;  True  alt.  75^  49  17'.    Latitude  7''  50^  ii"  N. 

5.  Log.-  of  diff.  long.  3*3^9176^=  D{^  Zmi^  ao8'*53. 

6.  Diff.  Ut.  31 81' 8.;  mer.  diff.  lai.  3301';  diff.  longk  3038^  W.;  taa^mt course  10*130671; 
epMTMS.  53»  51'  34f  W.;  foyi  4ii*iM#  3*5577835  *««■«  36i3f'3. 

7.  Standard,  Holyhead  — 3'*  10*;    o*'33«a.m.  ;  o>»55«p.ii. 

„        Weeton-supsr^oMae   — ^o.   4  ;  11  55  am;.;    no  sue.. 

„         Brest  4*a.4s  ;      na  ajk.;,  o    i  B.ir. 

,,         Portsmouth  ~o   5  >    4  49^  ^v*;  5    8  p.k. 

„         Brest  +  7  53 ;  oorr,for  long,  —  8>»;  4^  siTam.;  5^4«pjiv 

,  8.  Green,  date  June  31*  13**  34"  48*;  red.  decl.  33®  37'  7*  N.;  sine  of  true  amplitude 
9*898928 ;  true  amplitude  W.  520  24  37'  K.    £rror  46^  i'  48'  W. ;  deviation  &*  28'  12'  B. 

9.  Interval  39<*,  duly  rate  8**3  loein^t  interval  45*^  II^  accumula^d  rate  6^  17%  Green, 
date  June  14*  io»»  45«  i6«,,red.  decl.  23*  17'  32*  N.,  true  alt.  28*  49'  40*,  red.  eq.  time  o^ 
hour-angle  3**  49"  6«,  ^,T.  ship  June  14*  3'>  49«"  6».    longitude  104**  3'  30*  W. 

By  Saper :  True  alt.  t%^  49'  35",  faour^angle  3>»  49-  7".'    LengOude  104**  3'  15*  W. 

10.  Green,  date  Jane  14^  17**  6«  54*;  red,  decl.  33*  i8*  14*  N.;  true  alt  13*49'  ^^'J 
logs.  19*247967 ;  true  aaimuth  N.  49*^45'  32*  B.    Srrorzi^^V  13'  W. ;  deviation  7*  8*  13'  W. 

By  Raper  :  True  alt.  12"  49'  9' ;  sine  sq.  9*248026 ;  true  aaimuth  K.  49*^  45^  45'  B. ;  error 
31*  48'  W.;  deviation  7®  8'  W. 

Time  aaimuth  :  Bed.  eq.  T.  c*  3«*4  eubt.  from  M.T. ;  app.  time  ship  8^  a3**  29';  true  i 
t.  ^*  4t  B.{  error  31* 4^  W.;  dliviatkm  f  6'  W. 
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ir.  Time  from  noon  37»  26^;  Qkeen.  date  Jane  4/^  i4>  14^  8*;  red.  decl.  12®  30*  5'  K. ; 
tme  alt  50**  3'  sa';  nat  no*'S^19i>i  nevi.  see.  dut.  39°  15'  31'  N.    LaiUui^  61^  55'  36'  N. 

MsTHOB  U.  +  31'  15'.  'f  nie  dt  (^!bfv)  500  3^  a*^;  latUud^  6i*  55'  28'  N.  True  alt. 
ifiofm)  50<>  3'  19';  UaUmU  ^if  55'  31'  K. 

Tnww^:  Bbj^nd  th^llteifo  of  tilie  Table. 

la.  i8t  red.  decl.  ^f  13'  14*' N. ;  ist  red.  eq.  T.  +  3**  ia«'7j  ist  true  alt.  6a°  58'  38'; 
lat.  490  40'  giyes  hour-angle  o^  2  8"  1 8* ;  Ibdg.  1 7  7**  4 1 f '  E.  ( A) .  Lat.  50*  o'  gfyes  hour-angle 
0kfS»a9>;  htog;  i«<«<>9'B.oi-i79»5i'W.  (A')  and  r«.  d^  a3' la' 30' K.;  and  eq.  T. 
J^  3"»  i5»;  snct  tme  alt.  30'  13'  3a* ;  lat.  49°  40'  gives  long.  i8o*>  15J'  E.  or  179®  44}'  W.  (B). 
Lat.  50^  o'  gives  Iboie.  180^  r6'  E.  or  179°  44'  ^.  (B').  The  line  of  bearing  at  the  first 
observation,  trends  B.  by  K.  Son's  asimnth  S.  1 1"*  E.  and  line  of  bearing  B  B*  N.  i^  E. 
Aaimnib  K.  89**  W.    Ship  at  th»  sBooad- observation  in- lat  sicl*  6^'  N.^.long.  179*  44'  W. 

EXAMINATION  IN  OHAHT. 

Bit  dUgrttdu  where  the  Chart  ie  uetd, 

H  %ad  ooQMe  W.  by  H.  |  N.»  or  N.  ff  W.  Deviation  ii«  E.  Conpiss  Oodrso 
N.  7 10  W.,  or  W.  by  N.  I  N.,  distanee  5a  miles. 

H.  IVne  bearln;g,  Gape  Barflenr,  d.  3a<>  45'  E.,  or  8.S.E.  |  E.;  tme  bearing  of  Cape 
La  Hagne  8.  75*  34'  W,,  or  W.  by  S.  i  S.    Latitude  49*  49}^  N. ;  longitude  i*"  23'  W. 

m.  ist  true  bearing  N.  39"*  E.,  or  N.E.  }  N. ;  and  tme  bearing  N.  78"*  a3'  fi.»  or 
E.  by  N.    Latitude  49''  35}'  N. ;  Longitudb  o"*  31'  W. ;  distance  27  miles. 

IV.  True  course  N.W.  J  N.,  or  iS".  42*  11'  W.;  compass  course  N.  730  45*  W.,  or 
W.  by  N.  I N.    Deviation  13*  E.    Distance  39  miles. 

Y.  Standard  Port  for  Before- ce— Brest;  time  constant  +  5^  4™»  beight  constant 
—  z  ft.  oin.;  time  of  high  water,  Cape  Barfieur,  o^  iS™  a.m.;  height  at  high  water 
14 ft.  6  in* ;  time  from  high  water  2^  la^ ;  height  above  half  tide  6  ft«  o  in ;  2^  13^  and 
6  ft  o  in.  =  correction  -|-  2  ft  5  in. ;  half  spring  range  8  ft  6  in.  Correction  for  sounding 
tmbU  10  ft  1 1  in. 

13.    Star,— Star's  decl.  a8«  17' 49«'N.;  tme  alt  (-yom)48«  33' 45*.    LMUude  jf  %' z^  8. 

Maper :  True  alt.  48^  33'  40*.    LatUutU  13*  8*  31*  S. 

The  Curve.— Oorreot  mag— tio  beariag  S;  79*  W. 

Deviations.*-'ia"W.;  o*;  17*  E.;  21*  B.;  la^B.;  4'K;  i8«W.;  h*  W. 

Compass  courses.— H.W.  by  N. ;  a  70*  W. ;  N.  a7 J*  B. ;  8.  ij«  B. 

Magnetic  courses.— N.W.  by  W.;  8.6i<»  W.;  a  n^W.;  8.  4oi«»E. 

Collect  magnetic  bearings— N.  zi**  E.;  N.  87 )«  W. 

EXAMINATION  PAPEE— No.  VII,  Pa^ei  43J-437. 

I.    5*805908  =  639^00;  3'7759»«  ==  59^*3^. 
a-    2-537819  =  3450;  3-096778  =1249-62. 

3.  Tme  Courses.— 8.  25*  E.,  17';  N.  730  E.,  2a';  8. 79'  E.,  a^;  N.  8o»  W.,  a6' ;  N.  85*  E., 
if ;  N.  58*  E.,  40';  8.  68*  E.,  51';  N.  6a»  W.,  9'  current  course.  Dif.  lat,  i'-3  8.,  dtp, 
ii6-4  E.,  course  8.  89^* E.,  diet.  ii6'-4.  Zat.  in  51'  a^  N.,  mid.  lat.  5i»  a4,  hnf.  lif  E, 
Xm^.  m  i8a«»  3'  E.,  or  177*  57'  W. 

4.  Oreen.  date  July  26*  o>»  49«  i6«;  red.  deol.  19*  27'  33*  N.;  tme  alt.  15*  46'  12% 
Zatiiyde  54*  46'  15'  8. 

Saper :  True  alt  15''  46'  y.    Latitude  54*  46'  24'  8. 

5.  Log.  of  diff.  long.  2*633861  ?s  dtji  long,  43o''4  nearly. 

6.  DUr.  lat  745'  8.;  mer.  diff.  lat  104a';  diff.  long.  ia9a'  W.;  log.  tang.  10-093394; 
asMns  a  51*  6'  49''  W.;  leg*  dietmm  3*0743501  diatmm  11 86**7, 
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7.  Standard,  Brest  constant  —  0^45";    no  a  x.,      o^i8»».if. 

„        Brest        „        —05;    c^i6»AM.y  o  5!  p.m. 
„        Brest        „        —  o  29  ;    o    1  A.M.,  o  34  p.m. 
„        Hall         „        —  o  19  ;    a  36  a-m.,  3    7  p.m. 
Brest,  constant  +  4^  48™,  corr.  for  long,  —  ii";  5**  7'»  A.x. ;  5*  39«  p.m. 

8.  Green,  date  July  ii**  6*'  36™  32*;  red.  decl.  ai**  57'  S4*'  N, ;  sine  amp.  9*631153;  tme 
amp.  W.  250  19'  21*  N.     Correetum  5**  38'  6'  E. ;  deviation  16®  58'  6"  B. 

9.  IntervAl  8',  rate  s^ss  Mng,  interval  3i<>  ai^*,  aooamnlated  rate  +  3*  2**7,  Green* 
date  July  16*  ai**  58«  19%  red.  decl.  ai»  14'  a4*  N.,  tme  alt.  i3»  31'  23%  red.  eq.  T.  5-  50^ 
«uUi\  honr-angle  3»»  51'"'  13%  M.T.  ship  17'*  3»»  s^^  3«.    Longitude  89*  41'  o*  B, 

Maptr:  Tme  alt.  13*  31'  7';  honr-angle  3^  51™  i4».    Longitude  89**  41'  15*^  B. 

10.  Green,  date  July  4'^  1^  53"  aa*;  red.  deol.  aa^  53'  26*  N.;  troe  aU.  12®  ai'  31" ;  snm 
of  logs.  19*205902;  true  aaimuth  N.  47*  15'  32"^  £.    Error  27^59'  3>'B. ;  deviation  10^39'  3>*B« 

Eaper:  Troe  alt.  12®  21'  21*;  sine  sq.  9*205962;  tme  azimuth  N.  47*  15'  45''  E.  JSrrot 
a?"  59'  45*  E.;  deviation  iffi  39'  45*  E. 

Time  eBimtUh  :  Red.  eq.  T.  4-  5*  eubt.  from  M.T, ;  app.  time  ahip  8i>  34«  57*  ajc  ;  trm 
azimuth  S.  132^  42'  E. ;  error  iV*  2'  E. ;  deviation  10'  42'  £. 

1 1.  Time  from  noon  25™  20* ;  Green,  date  July  30^  18^  52*  32* ;  red.  ded.  1 8*^  21'  4'  N.; 
tme  alt.  26^  24'  19' ;  nat.  no.  4090 ;  mer.  sen.  dist  63''  19'  58*  S.    Latitude  44*  58'  54'  S. 

MbthodII.    Red. +  15' 43*.    Xa<rti«f#  44«»  58' 54*  8. 

Eaper  :  Tme  alt.  a6®  a4'  13*.    Latitude  44*^  59  8. 

Ihweon  :  Aug.  I  +  6*  22* ;  index  63.    Aa^.  II  +  9*  27'.    LatUude  44'  58'  48*  8. 

12.  ist  reJ.  decl.  23®  8'  20*  N.;  ist  red.  eq.  T.  +  3*  28»*4;  ist  true  alt.  300  12'  33*; 
lat.  51^  o'  N.  gives  hour-angle  4»»  40"  4*;  long.  5**  21  J'  W.  (A).  L*t.  51*  40'  N.  givee 
hour-angle  4*"  40'"  4«;  long.  5'  21  J'  W.  (A'),  and  red.  decl.  23^  7'  57*  N. ;  2nd  red.  eq.  T. 
+  3*  29"48;  »nd  true  alt.  51®  11'  38".  Lat.  51*  o'  gives  hoar-angle  2*  20«  4«;  long. 
4»  51}'  W.  (B).  L^t.  5i»  40'  N.  gives  hour-angle  a«»  17-  15';  long.  4*  9J'  W.  (B').  The 
line  of  hearing  at  the  first  ohservation  trends  North.  Sun's  azimuth  East.  The  ship's 
position  at  second  ohservation  U  lat.  51**  10'  N.,  long.  4**  41'  W.  and  line  of  bearing  B  B' 
N.E.byN.    Azimuth  S.  56*  E. 

EXAMINATION  IN  CHART. 

Ibr  all  gradee  where  the  Chart  is  ueed, 

I.  Hagnetio  oonrse,  Dnngeness  to  Cape  Ciyenx,  8.  f  E.»  or  8.  S*  a6'  S.  Deviation 
o<*  45'  W.    Compass  course  8.  7''  41'  E.,  or  8.  f  E.,  distance  48  miles. 

II.  Magnetic  bearing  of  Dungeness  N.  14"*  W.,  or  K.  by  W.  ^  W. ;  magnetic  bearing, 
Yame  lightvessel,  N.  67*  30'  E.,  or  E.N.E.    LaUtude  50*  49'  N. ;  longitude  i*  3'  E. 

III.  ist  magnetie  bearing,  Beaohy  Head,  N.  57**  W.,  or  N.W.  by  W.;  and  magnetto 
bearing  North.    Latitude  50**  a4  N.;  longitude  o*  24'  E. ;  disUnoe  aa  miles. 

IV.  Mtgnetio  course  S.S.E.  }  B.,  or  8.  a5'  19'  E.  Deviation  7*  37'  W.  Compass 
course  8.  17*  42'  E.,  or  8.  by  E.  |  B.,  distance  18J  miles. 

y.  8tandiird  Port  for  Beferf nee— Dover ;  time  constant  «-  ^  a7<" ;  height  constant 
-)-  3  ft  6  in. ;  time  of  high  water,  Dungnness,  1  !•»  i7«  a.m.  ;  height  at  high  water  a3  ft.  o  in. ; 
time  from  high  w»ter  i"»  55« ;  height  above  half  tide  12  ft.  i|  in. ;  i>»  SS""  *»d  12  ft.  1}  in. 
=:  correction  -|-  6  ft.  6  in. ;  half  spring  range  10  ft.  io|  in.  Correo'ion  for  sounding  eubl, 
17  ft.  4j  in. 

13.  Star.— Star's  decl.  26*  10'  48'  8. ;  true  alt.  70-  5'  46'.    Latitude  46°  5'  2'  8. 
Eaper  :  Tme  alt  7o«»  5'  44'.    latitude  46**  5'  4*  8. 

The  Cnrre.— Correct  magnetic  bearini^  N.  89**  W. 

DenaUons.-i-E.;  19' E.;  ai^E.;  9'E.;  4'W.;  ii'W.;  I9'W.;  i6«W. 

Compass  courses.— N.  5i*»  E. ;  8.  81J'  E. ;  8.  a3i»  W. ;  North. 

Magnetic  courses.-.S.  70**  W. ;  N.  6*>  E.;  N.  8of  E.;  8.  33^  B. 

BmamwH  magnetin     V.  i^lL;  N.  66}*  E. 
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EXAMINATION  PAPER-No.  VHI,  Fa<f$9  437-439. 

I.  5'889986  =  776111-4;  3-983^5"  =  9^30'555- 
a.    2-676541  =  474*«33;  5'a9"46  =  195500- 

3.  True  Counef.— N.  78*  E.,  23'  dep.  course;  N.  84*  E.,  54';  Bant,  55*;  Eist,  66'; 
N.  8 f  E.,  la' ;  N.  79'  E.,  43';  N.  85'  E.,  32' ;  8.  85®  E.,  66*  current  course.  Dif.  UU 
1 8*3  N.;  i$p.  358-8  £.;  wurm  TA.  %^''  E.;  diaU  360'.  LaL  in  o®  28'  K.;  dif,  Umg.  359'  E. 
lMngUud$  in  174**  6'  W. 

4.  Green,  date  Aug.  1 1*  i7»»  5 1»  1 2« ;  red.  decl.  i5<>  4'  58'  N. ;  true  alt.  42®  50'  17'.  2a<. 
32- 4' 45' 8. 

it0|Mr .-  True  alt.  42'  50'  6'.    Xa/tf  iwfo  32''  4'  56"  8. 

5.  Lo«r.  of  diff.  Ion?.  2-805956  =  Dif.  long,  639' -7. 

6.  Diff.  lat.  297'  N.;  mer.  diff.  lat.  1007' ;  diff.  long.  303'  E.;  tangent  9*478414;  couru 
N.  16"*  44'  46'  E. ;  log,  ditt  2-491576;  distaneo  3102'. 

7.  Standard,  Brest  -^  o>> 26";  ix*'2a»A.M.,  and  midnight 

„       Devonport  -*  1  13  ;  11  51  a.m.»  and  no      p.m. 

„        Greenock  +  5  '4  >    ^^      ^•^•*  ^^^   ^  37  ^'^' 

„       Weston-super-mare  —  a  10  ;     no      ▲.!!.,  and   o  13  p.m. 
„        Brest  —151;    9  57  A.M.,  and  10  35  p.m. 

8.  Green,  date  August  i8'(>220  4o«;  red.  decl.  13^  7' 43*  N.;  »ine  9*625874;  true 
amp.  W.  24«  59'  44*  N.    Chrroetion  6f  o'  i6'  W. ;  divUtion  2^'*  20'  16"  W. 

9.  Interral  7^  rate  6*'6  lonng,  interval  i6<i  20^,  accumulated  rate  +  i"»  51%  Green. dat« 
Au^,  6*  2o>»  32»  47%  »^-  <Jo«l-  '6<»  29  51*'  N.,  true  alt  24*  17'  i%  red.  eq.  T.  5«  35"  additin, 
hour-angle  4^  25»  44*,  M,T.  ship  7'  4'^  3 1"  19*.    Longitudo  1 19^  40)'  E. 

Ettper  :  True  alt.  24^  16'  57' ;  hour-angle  4^  250  44*.    longitude  1 19®  40}'  E. 

10.  Green,  date  Ang,  31*  ii**  i8«  53';  ri»d.  deel.  8<*  30*  18"  N.;  true  alt.  24*  58'  53*; 
■nm  of  ]o«s,  i9*357»77;  *"»«  aaimuth  N.  56®  59'  46"  W.  J&ror  9^  11'  i*  W.;  dtwiation 
19*  I'  1*  W. 

Jlaptr:  True  alt  24*  58'  4$*;  sine  eq.  logs.  9*357314  =  N.  56*  59'  57-^  W.  £rror 
9®  11'  12*  W.;  dopialion  19"  i'  12*  W. 

Tim$  oMimuth:  Red.  eq.  T.  o»6**i  tubt,  from  H.T. ;  app.  time  ship  3^  2  in  26*;  iru$ 
atimmh  8.  122**  57'  W. ;  srrvr  9*  14'  W. ;  dmation  19"  4'  W.* 

I  r.  Time  from  noon  350  15" ;  Green,  date  August  io<  1 3>>  o"  lo* ;  red.  drol.  15^  26'  28'  N.; 
true  alt.  34^  48'  15*;  nat  no.  8837 ;  mer.  lan.  diet.  54*  34'  37*  8.    LtUUudi  39®  8'  9*  8. 

Mbthod  IhSidution  -f-  37**  19 .    Latitude  39*  7'  58*  8. 

Jtapor  :  Bed.  +  37'  19'.    True  alt  34**  48'  1 1^    LatUudo  39*  8'  i'  6. 

Toweon:  Aug.  I  +  10'  37';  index  90.    Aug.  II  4-  26^^  38'.    latitude  39^  8'  2'  8. 

II.  lat  red.  decl.  15*  38'  4'  K.;  ist  red.  eq.  T.  5B  io*-9  add;  xst  true  alt.  38*  27*40*; 
lat  49^  40'  gives  hour-auffle  s'^  1 2"  i5«;  long.  3"  55 J'  W.  (A).  Lat  50^  o'  gives  hour-angle 
3*>  XI"  20*;  l.ng.  3*4iJ"W.  (A').  2nd  red.  decl.  15'  33'  36*  N. ;  2nd  red.  eq.  T.  5»  9* 
add;  2nd  true  alt  40**  20'  59';  lat.  49*40'  gives  long.  2*  58J'  W.  (B).  Lat.  50*  o'  gives 
long,  y  14^'  W.  (B').  The  line  of  benring  at  first  observation  trends  K.N.E.  Sun's 
aiimuth  8.  67 }•  E.  The  position  of  ship  at  second  observation  is  lat.  50*  9'  N.,  long, 
3o22'W.    indlineofbearingBB'N.N.W.iW.  (westerly).    Asimuth  8. 63*  W. 

EXAKIINATION  IN  CHART. 
For  aU  gradee  where  the  Chart  ie  ueed. 
L    True  course  from  Hartland  Point  to  Trevoae  Head  R.W.  by  S.,  or  8.  33*  45'  W.; 
variation  21*  W.;    deviation  25®  30'  E.;    compass  course  8.  29*  15'  W.,  or  8.8. W.  |  W. 
(westerly),  d'stanoe  34  miles. 

11.  True  bearing  of  Hartland  Point  N.  83^  15'  E.  or  E.  f  N. ;  true  bearing  of  Lundy 
Island  N.  27*  E.,  or  N.N.E.  |  E. ;  latitude  51*  N. ;  longitude  4<»  48'  W. 

III.  ist  true  bearing  of  HartUnd  Point  E.  by  a  |  S.,  or  8. 74^'  15'  £. ;  snd  true  bearing 
B.  by  N.  I N.,  o(  N.  ^^''  B. ;  laUtude  s^"* S^'  ^^i  longitude  4*  59'  W.;  diOaaoo  18  miWs. 
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IV.  Tni0  «KwiM  6.  ^f  5tf'  W.,  cr  8.^.4>yi8. ;  49Fiatf«»  35P  go'  &  ZkwpMi  oonne 
S.  29"*  20'  W.,  or  S.S.W.  I  W. ;  distance  24  miles. 

y.  Standard  Port  for  Roferenoe— Weston-super-Mare ;  constant  for  time  ^  i^4i»; 
constant  for  height  —  16  ft,  6  ia;  time  of  hi^h  water,  Padstow,  io>>  47^  p.m.  ;  h^^cht  at 
high  water,  Padstow,  11  ft.  6  in.;  time  "ftrom  high  water  jf^  4S»;  height  ahoTe  half  tide 
t  ft.  3  in. ;  3^  48"  and  i  ft.  3  in.  =  correction  «-  o ft.  6  in.;  half  spring  range  10  it.  3  in. 
Correction  for  eoonding  iubt.  9  ft.  9  in. 

13.  Btar.-Star's  docl.S<>  34' 32'^N.;  true  alt.  66« 48' 17'.  LatUud$  t^o^y  n'^,  ^orU), 
ti  »  »       66  48  13  „       14  37  15  S.  r^aptr). 

The  Onrre.— Oorrect  magnetic  hearing  North. 

Deviations.— 14*  W.;  i3»E.;  22*  B.;  19*  TE.;  8»E.;  9»W.;  ifW.;  2i«  W. 

Compsss  courses.— N.  36'  W.;  8.  87'  E. ;  8.  7'  E. ;  N.  85J*  W. 

llagnetio  courses.— N.  58'  E. ;  8.  40'  W. ;  N.  6*  W. ;  8.  77'  B. 

Bearings,  magnetio.— 8.  88»  E.,;  8.  4!**  W. 

EXAMINATION  PAPER— No.  IX,  Faff$$  439-441. 

».    4'i47399  =  '4«>4»'04-    7'*W4"  = '«>7734. 

a.    6*854294  ss  *oeo7i498.     1  "601699  ^=  40^58. 

True  Cosnee.--V.  48^  E.,  22'  dep.  oonrse;  N.  84*  E.,  42';  <8.  89^  B.,  54*;  S.  ««•  W.,.37'; 
K.  8*  E.,  33';  8.  78*  E.,  34';  N.  8/  B.,  42';  N.  83«»  «.,  «6'  current  «>«fBe.  ^ff.  Imi. 
•9-2  N.;  1^.  24r-3  B.;  «MirM  N.  85}**  B.;  iiM<.  24^'.  J^OUrndB  m  do"  28'  N.;  dff.  Img. 
487'-,[  B.    LangUudB  w  6'*  i'  B. 

4.  Green,  date  Sept.  -22'  is^  45"^  >  «^-  ^4^-  ^*  5'  9*  N. ;  true  att.  96**  e'  y-  ZtrtikMh 
o»5'»4'N. 

•  JSfl^vr  :  Tme  att.  ^9^  59'  57'*    X«<«M;^  o*  5'  6'  V. 

5.  Log.  of  dWf.  long.  2*785262  =:  4if.  knff,  609**9. 

6.  Diff.  lat.  3607'  8. ;  mer.  diflP.  let.  379S';  diff-  long.  4007'  E. ;  tang.  10*023264;  mmm 
fi.  4^*  32'  E. ;  |0^.  ditttmce  3-719604;  di$tattc$  5243'*3- 

7.  Standard,  Brest  +  2t>59";     i»»27"a.m.,  and    2*»i3"p.m. 

„  Harwich  — o  33  ;  5  59  ▲.h.,  and  6  43  p.m. 
„       Dover  -{- 1    6  ;    6  56  am.,  and    7  35  v.v. 

,f  Devonport  -«>  o  29  ;  ao  a.!!.,  aad  •  8  p.m. 
„  Bo^er  .  —  o  19  ;  .5  31  ▲.!!.,  end  ^  jo  f.m. 
„       Leith  —  2  30  ;    7  »4  aju.,  mnd    y  5^  y.M. 

8.  Green,  date  S^ten^er  y»^  6^  }3»  40";  red.  decl.  2^  52'  59"  ^.^  ^jie  8*9«7iqq;  .|riie 
amp.  W.  4*»  44'  22'  &    £rrcr  41*  18'  7*  W. ;  deviation  100  50'  7*  W- 

9.  Interral  15*,  rate  2»'6  fiainmg,  interval  19'*  isi\  accumulated  rate  —  o«  51%  Careen, 
date  AugujBt  3H  1$^  35"  8«,  red.  decl.  8»  26'  25*  N.,  red.  eg.  T.  o-  3*  -|-.,  true  all.  6a«  2y  6*^ 
hour-angle  i»»  5i»  38%  M.T.  ship  Sept.  i*  i»»  54»  4i».    Zong,  i54«  8'  15*  E. 

JUtjm-^'  True  alt  620  24'  55' ;  hour-angle  i^  51*  39'.    ZongUutU  154*  8'  30*  9. 

10.  Gflaen.datBSept«Mheri6«i)>29»54*;  red.  decl.  2"  38*44' K.;  true  alt.  09*41' 59*"; 
mua  of  loge.  19*703180;  trse  aaimuth  8.  90"  33'  30*  B.  jError  f  53'  30'  W.  JkHMiim 
12*  13'  30^  V. 

Sapgr :  True  alt.  29*  41'  53' ;  ^ine  sg,  5*703180 ;  4niB  «sh|iuth  8.  90*  33'  29*  B.  Brror 
3*  53'  »9'  ^'J  d0vitition  12*  13'  29*  W. 

2Vmm  agimuth :  Red.  eq.  T.  5n  io>'2  o^  to  M.T. ;  app.  tame  at  ship  8^  8n  28";  irm  ssmmih 
K.  89*  34'  B. ;  error  ofcompati  30  46'  W. ;  dwiation  1 2*  6'  W. 

If.  Time  from  noon  i6a4i*.  Green,  date  September  22^  iai»27"5f*,  red.  decl.  o<*8'2i'K9 
true  alt.  6a*  9'  19",  nat.  qo.  2348,  mer.  sen.  dist.  270  33*  19*  8.    LatUude  27*  24'  58*  8. 

Method  II.    +  t^•  23'.    Laiituds  27*  24'  57"  8. 
.    £a|Mr  .*  True  alt.  620  9'  ja*.    ZatUude  x;*  25'  4*. 
.aWe«».Ajii^I,  +  a%4ijdfxw   Aug, H  +  ii' 36'.   il«(*ta*ji7?*4'4^k:fl| 
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la.  i8t  red.  decl.  50  28'  o'  N.;  irt  red.  eq.  T.  ^  a"  36*;  let  tme  alt  11*  9'  4a'; 
l»t.  47"  50'  giyes  honr-aogle  5*'  i7*  35»;  long.  330  59 J'  E.  (A).  Aasnmed  lat.  47*  10'  giyes 
hour-angle  5**  i7«  ^a*;  long.  33' 55J' E.  (A'),  and  red.  decl.  5'*  a3'  59*  N. ;  and  red.  eq.  T, 
—  »■  39*'7 ;  »nd  true  alt.  45^  56'  3a' ;  lat  47*  50' ;  Ion j.  35*  38'  B.  (B).  Lat.  47*  10'  gives 
long.  33*  10}'  B.  (B').  The  line  of  bearing  at  the  lint  obserration  trends  S.  \  W.  (west'ly). 
Astmuth  8.  IS"*  E,  and  line  of  bearing,  B  B',  W.S.W.  Ailmnth  S.  aa}<»  E.  Ship  at 
•econd  obaervation  in  lat.  47**  30*  N.,  long.  34"*  a6'  B. 

EXAMINATION  IN  CHART. 
Far  all  grad$i  Vfhir$  th$  Chart  i$  und. 

I.  Magnetic  course  from  St.  (doyen's  Head  to  Hartland  Point,  S.  a®  49'  E.,  or  8.  \  E. 
Deyiation  1*  45'  E,    Oompass  course  8.  4*  34  E.,  or  8.  |  E.,  distance  37}  miles. 

n.  Magnetic  bearing  of  Lundy  Island  8.  i*  4'  B.,  or  8.  ^  B. ;  magnetic  bearing, 
Morte  Point,  8.  46*  4'  E.,  or  S.E.  \  E.    Latitude  ^i*  ao'  N.;  longitude  4^  47'  W. 

III.  ist  magnetic  bearing,  Hartland  Point,  S.E.  {  E.,  or  8.  34*  49'  E. ;  and  magnetio 
bearing  S.E.  {  E.,  or  S.  54*'  30'  E.    Latitude  51^  4^'  N. ;  longitude  4**  5 1'  W. ;  dist.  i  a|  miles. 

ly.  Magnetio  course  8.  16*  5a'  E.,  or  8.  by  E.  \  E.  Deyiation  4<*  15^  W.  Compass 
course  S.  la^  37'  K,  or  8.  by  B.  \  E.,  distance  38)  miles. 

Y.  Standard  Port  for  Reference^Weston-super-Mare;  constant  for  time  —  i^  39B; 
constant  for  height  —  xo  ft.  o  in. ;  time  of  high  water,  Lundy  Island,  10^  4in  a.x.  ;  height 
of  high  water  17  ft.  a  in. ; .  time  from  high  water  4^  a9*> ;  height  aboye  ha]f  tido  3  ft.  8  in. ; 
half  spring  range  13  fl-.  6  in. ;  4^  a9«>  and  3  ft.  8  in.  =  correction  —  ^  ft  7  in.  Correction 
for  sounding  iubt,  10  ft  1 1  in. 

13.    Star.— Star's  decl.  i9<*46' a3'N.,  true  alt  86*31' i8«.    Z«<iViMb  i6*i7'4i«N.(iVbri#}. 
V  n       86  31  17  „        16  17  40  N.(Ay#r). 

The  Gorre.— Correct  mngoetio  bearing  S.  88''  W. 

Deyiations.— a*  B.,  ao'  B.,  aao  E.,  9«»  E.,  4*  W.,  xa»  W.,  ao»  W.,  17'  W. 

Compass  courses.— West,  N.  a*  E.,  N.  59^'  E.,  8.  61  J«»  E. 

Magnetic  courses.— N.  a»  E.,  S.  17'*  W.,  8.  57j«  B.,  N.  7a*  B. 

Bearings,  magnetic— 8.  84}«  B.,  N.  76^"*  W. 

EXAMINATION  PAPEE— No.  X,  P<i^#f  441-443. 

I.    7'447»»3  =  »8oo3548,  3'5»46i7  =  334^'7- 
a.    1*936010  =:  86*30,  a'73503i  =  543*2^^- 

3.  True  Courses.— S.  75*  B.,  36'  dep.  course ;  8.  8»  B.,  43';  8. 15*  W.,  19';  N.  69''  B., 
50';  N.77*B.,  ai';  8.5  B.,  6';  S.  5i*B.,  aa';  N.  88<*£,  4r  current  oouwe.  JHff.UU 
65'-8S.;  <^.  i68'-7E.;  mktm  8.69*8.;  di$t.  i%\\  Ztf^.  11158*  43' N.;  mii.  Ai<.  59*  16'; 
Hf.  Umg.  330'  E.    L<mg,  in  38*  a4  W. 

4.  Oreen.  date  Oct  ao^  ioi» !«  40*,  red.  ded.  io«  a8'  45*  8.,  true  alt  500  11'  14'.  Lot. 
sol"  17'  31'  8. 

JBU^ar  :  True  alt  50P  1 1'  9'.    LatiM§  50*  17'  36*  8. 

5.  Log.  of  diff.  long.  a*oi9a77  ==  diff,  Umg,  104' -5. 

6.  J)iff.  lat.  140'  N.;  mer.  di£  lat  14a';  diit  long.  46'  B.;  tang,  coune  9*5x0470; 
soMTM  N.  17*  57'  B.;  log.  of  distance  a*  167797,  iittane$  147'*!. 

7.  Standard,  Brest,  constant  — a^^  o";      no     ▲.](.,  and   o>*x5"p.ic 

„         London,  „       —  a  19  ;  xo^  ii^a-m.,  and  10  15    pjt. 

„         Leith,  „       —  2  55   f    9  53    ^-^-f  ^d  10  16    p.m. 

„         Sanderland,        „       —  i    4  ;    o  17    ▲.!!.,  and   o  45    p.m. 
„         liyerpool,  „       —  o  19   ;    9    9   a.m.,  and   9  31    p.m. 

S.  Green,  date  Oct  8<i  ii^^  13"  48*;  red.  ded.  6^  a'  35'  S. ;  true  amp.  E.  6*  aa' 58'  8. 
Arsr  9' 11' 43' B.    i>ma^Mii  IX®  x' 43*  E. 

9.    Interyal  7';  rate  a*'4  lofing;  interyal  aa'  la^ ;  accumulated  rate  o'^  54*;  Green,  date 
October  30^  la**  o*  aa" ;  red.  decl.  1 3® 56' 41'  S. ;  true  alt  2V  4a'  58' ;  hour-angle  a^  46™  x 3* ; 
ted.  eq.  T.  i6»  15*  tuH.  ;  M.T.  ship  Oct.  30^  a^^  39"  58*.    ZongiM$  142®  36'  o'  W. 
Jbyw;  True  alt.  at*  4a' 50';  hour-aBglea>'46«i4S    .^MyiiriNif  141*  35*45' W» 
VXT 
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10.  Green,  date  Sept.  30^  iZ^  43"  48' ;  r«d.  ded.  3**  4'  58*  8. ;  trae  alt.  14*  7'  3';  sQin 
of  log».  19-690416;  true  asimath  N.  8&°  5a'  56'  W.  Brror  4<>  30'  s6'  W.  J>maiiom 
L»°  10'  a6'  W. 

i20/Mr ;  Trae  alt.  14*  6'  51';  sine  sq.  9*690425 ;  true  aaimnth  N.  %Z^  si  >'  ^>  -Z^M^M^Mai 
12°  10'  31*'  W. 

2Wm  oMimuth:  Red.  eq.  T.  10"  i3*-o  add  to  M.T.;  app.  time  at  ship  s^  4''  13*;  trm 
mMnuth  8.  9i«»  17'  W. ;  error  4"  20J'  W. ;  ievmtion  ia«  oj'  W. 

11.  Time  from  noon  170  8*;  Green,  date  Oct.  %^  i^  i7»  8";  red.  ded.  3^  34'  16'  8. ;  true 
alt.  47'  39'  40'  N. ;  nat.  no.  2191 ;  mes.  sen.  diet.  42"  9  8'  K    Latitude  38*"  34'  42'  N. 

.  MbthodII.— JfoA  +  ii'i8';  to*.  38«34  36'N.  (-^0^)  38°  34'45'N.  (JR«lw). 
Towam  :  Aug.  I  +  35' ;  index  36.    Aug.  II  +  10'  »8'.     latitude  ^%^  34'  51*  N. 

12.  i8t  red.  decl.  3'  10'  13'  8.;  ist  red^  eq.  T.  —  10"  i7«-4;  i»t  trae  alt.  23*  29'  ii"; 
lat.  50®  3q';  hoar«angle  j,^  3*59*;  long.  50^48'  W.  (A).  Lat.  51°  o'  givee  hour-angle 
jh  |M  2^.;  i<Hig.  50*  10'  W.  (A').  2nd  red.  decl.  3**  15'  48'  8. ;  2nd  red.  fq.  T.  —  lo"  22'; 
trae  alt.  25'  39'  34*;  lat.  jo"  30'  giyes  long.  49*  44^  W.  (B).  Lat.  5i«»  gives  long. 
50*  29^'  W.  (B').  The  line  of  bearing  at  first  obsenration  trends  K.E.  (  N.  8nn'8  aiimnth 
8.  50^"^  E.  Ship  at  second  observation  in  lat.  50^  53'  K. ;  long.  50°  18}'  W.  2nd  line  of 
bearing,  B  B',  N.  W.  i  K.    Azimuth  8.  4S*  W. 

EXAMINATION  IN  CHART. 
Jbr  all  gradee  where  the  Chart  ie  ueed.. 

I.  Trae  oonrse  from  Feoamp  to  St  Catherine's  N. W.  f  W.  or  N.  53*  26'  W. ;  deviation 
6*  34'  E. ;  compass  coarse  N.W.  f  N.  or  N.  36^  W.,  distance  80  miles. 

II.  Tkne  bearing  Oirers  Light  N.  sf  4>'  B.  or  N.E.  by  E.  Trae  bearing  St.  Catherine's 
Light  N.  31*30' W.  or  N.N. W-tW.    Lat.5o'26'N.    Long.  i»  10' W. 

III.  ist  trae  bearing  Owers  Light  N.  240  45'  E.  or  N.N.E.  }  E.;  2nd  trae  bearing 
N.  78**  1 1'  E.  or  E.  by  N.    Lat.  500  34'  N.    Long.  i»  15 J'  W.    Distance  22  miles. 

IV.  Trae  coarse  N.W.  |  N.  or  N,  40*  47'  W.  Deviation  4'  W.  Compass  coone 
N.  by  W.  f  W.  or  N.  18'  47'  W.,  distance  35  milee. 

y.  Standard  Port  for  Reference— Brest ;  constant  for  time  +  6^  570 ;  constant  for 
height  -f-  4  ft.  2  in. ;  time  of  high  water  Fecamp  6^  441^  a.m.  ;  Height  of  high  water 
Fecamp  19  ft.  2  in.;  time  from  high  water  2^  44*";  height  above  half  tide  7  ft.  5  in. ; 
2h  441B  and  7  ft.  5  in.  ^  oorr.  -4-1  f^-  o  in,;  half  spring  range  11  ft.  9  in.  Correction  for 
soonding  eM.  12  ft.  9  in. 

13.  Star.— Star's  ded.  u**  36'  12'  N. ;  trae  alt.  54*'  6"  7".    latitude  5o»  30'  5*  N.  {JTorie). 

ff  n  »»       54  6  3  „       50  30  9  N.  (JUaper). 

The  Omre.— Correct  magnetic  bearing  N.  7 1*"  W. 

Deviations.— 8«E.;  36»B.;  30®  E.;  19*  B.;  6<>W.;  a4«W.;  32' W.;  %fW. 
Compass  oonrses.— N.  39*  B. ;  S.  82*  W. ;  N.  84*^  B. ;  N.  ij°  W. 
Magnetic  courses.— 8.  8iJ°  W.;  8.  17°  W.;  N.  sj®  E. ;  8. 9**  E. 
Bearing,  magnetic-8.  6^^^  B. ;  8.  ^sV  ^* 

EXAMINATION  PAPER— No.  XI,  Po^  443-445- 

I.    2-639859  =  43637 J ;  o-45»«o5  =  2832. 
a.    1*999489  =  99*88;  5*212511^163121*4. 

3.  True  Ooniaes.— N.  42°  E.,  16'  dep.  coarse ;  N.  14®  E.,  17' ;  8. 45®  B.,  19' ;  8.  87''  W., 
31';  8.  63'^  E.,  17';  8.  5<>  E.,  19';  8.  56'  W.,  25';  8.  88'  E.,  22'  current  course.  JHf.  lat. 
Si'*8  8.;  dep,  6'*i  W.;  eauree  S.  7®  W.;  diet.  5*'.  Zat.  in  5i»  8'  N.;  d^f,  Umg.  10'.  Ltmg. 
dWii9®5o'B. 

4.  Oreen.  date  November  m**  i  8»»  39"  i6«  ;  red.  ded.  18®  25' 52*  8. ;  trae  alt.  6^^  57'  49*. 
Latitude  40*  28'  3*  8. 

Av«r ;  Trae  alt.  67*  57'  40'.    LatUude  40*  28'  12'  8. 

^.    Log.Qfdiff.loag<  2*294311 7^1^.  Im^.  i96'-9,  .     ^    .    •    •  •     .   - 
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6.  Diff.  lat.  390' K. ;  mer.  diff.  lat.  1033';  diff.  long.  246' E.;  tang.  9*376835;  eoune 
K.  z  3**  23'  42'  E. ;  log.  of  dUtance  =  2  '47437^ ;  diMtance  298'*  i . 

7.  Standard,  Dover  constant-)-  1^13°';  6h39«A.ic.9  and  i^i6^r,u, 

„       Devonport  1,      —  0x7;  noon 

,,        Hull  ^       —  I     3  ;    no    a.ic.,  and  o  20  p.if. 

„       We8ton-aap«r-Mare     ,,      — 112;     no    ▲.!£.,  and  o    9  P.1C 

8.  Qreen.  date,  Nov.  9*  x  2^  ao«  44* ;  red,  decl.  17'  o'  25"  8. ;  true  amp.  E.  33*  43'  56*  8. ; 
Mrr^ian  42*  12'  19^  W. ;  divtation  58''  42'  19"  W. 

9.  Interval  12^;  rate  i«'2  loain^;  interval  ^6^  3^;  acoamnlated  rate  43**3;  Green,  date 
Nov.  30*  2»»  48"  52« ;  red.  decl.  2 1"  40'  27*  S. ;  red.  eq.  T.  1 1«  io«-i  subi, ;  true  alt.  39**  47'  8* ; 
hour-angle  3*  41'  o*;  M.T.  ship  Nov.  29*'  20»»  6«  5o«.    Z(mffilud$  100°  30'  30'  W. 

JSapw  :  True  alt.  39®  47'  6" ;  honr-angle  3^  42»  o"'5.    Longitude  loo*  30'  37*'5  W. 

10.  Green,  date  Nov.  15*  lo^  46«»  27";  red.  ded.  18**  36'  20*;  true  alt  43'  ss'  7*;  w™ 
of  logs.  19-512988 ;  true  aaimuth  N.  69*  36'  50*  W.  or  S.  no*  23'  lo*  W.  Srror  1 1»  53'  lo*  E. 
Jkviaiian  190  43'  zo'  E. 

Saper  :  Tme  alt.  43*  $$'  2* ;  sine  sq.  9*5 1 3003 ;  true  aslmnth  N.  6^^  36'  $s'  ^-  J>^via(um 
i9«  43'  j'  B. 

Time  Mimuth  :  Bed.  eq.  T.  ig^  !$•  add  to  M.T. ;  app.  time  at  ship  j;^  !« 56*;  true  anmuth 
S.  ixo<*  25'  W. ;  error  xio  55'  E. ;  depiation  19*^  45'  E. 

11.  Time  from  noon  39'»  26*;  Green,  date  Nov.  13^  2*»  36"»  2";  red.  deol.  i7«  59' 41"  8.; 
ime  alt.  56*  1 1'  50* ;  nat.  no.  8864 ;  mer.  aen.  diat.  32**  5a'  44'  8«    Latitude  $&*  52'  25*  8. 

Method  II.— Bed.  +  56'  8%  tme  alt.  56°  1 1'  50',  latitude  50P  51'  43'  8^  Ifitrie.  True  alt. 
56"  1 1'  46',  latUude  5o»  51'  47*  8.,  Itaper. 

Toweon :  Hoar-angle  exceeds  limits  of  Table. 

12.  ist  red.  decl.  21*  12'  25"  8.;  ist  red,  eq.  T.  —  I2*  7«'4;  ist  tme  alt.  14*  i'  55*; 
lat.  46''  o'  gives  honr-angle  2*'  36*  2 1";  long.  179''  48'  30*  E.  (A).  Lat.  46*"  40'  gives  hour- 
angle  2>»  3I"  io»;  long.  178*  53}'  W.  (A'),  and  red.  decl.  21'  14'  22'  8. ;  2nd  red.  eq.  T. 
—  1 2«  4« ;  2ud  true  alt.  1 8*  22'  47* ;  lat.  46*  o'  gives  long.  1 78<»  54'  W.  (B).  Iiat.  46' 40'  gives 
long.  179^  si'  B*  C^'}-  '^^  ^^^^  o'  bearing  at  the  first  observation  trends  N.E.  }  E, 
Aaimuth  8.  36^**  £.  Ship  at  second  observation  in  lat.  46°  22^'  N,,  long.  180'  W.  2nd  line 
of  bearing,  B  B',  N.W.  by  W.  i  W.  (nearly).    Azimuth  8.  26"  W. 

EXAMINATION  IN  OHABT. 
Ihr  all  gradee  where  the  Chart  te  used. 

L  Tme  course  from  Gape  de  la  Have  to  Nab  Lightvessel  N.N.W.  f  W.  or  N.  30®  56'  W. ; 
deviation  6*  W.    Oompass  course  N.  f  W.  or  N.  6*  56'  W.,  distance  $2^  miles. 

II.  True  bearing  of  Oirers  Light  N.  70^  13'  E.  or  E.  by  N.  J  N.  True  bearing  of  Nab 
Lightvessel  N.  19*  47' W.  or  N.  by  W.  t  W.     Lat.  50°  35*' N.    Long.  o«  55J' W. 

UL  zst  tme  bearing  Owers  Light  N.  46**  19'  E.  or  N.E.  ^  £.;  2nd  true  bearing 
S.  77<»  26'  E.  or  E,  by  8.  J  8.    Latitude  5o«>  41  J'  N,    Longitude  o*»  59'  W.    Dist.  i  if  mUes. 

IV.  Tme  course  N.  f  W.  or  N.  io»  58*  W.  Bdviation  8*  30'  W.  Compass  oohrse 
N.  15*^  32'  E.  or  N,  by  E.  f  E.,  distance  14}  miles. 

y.  Standard  Port  for  Beference— Portsmouth ;  constant  fbr  time  —  o^  41^;  height 
constant  o ;  time  of  high  water  Bembridflre  i  x**  33''  a.m.  ;  height  of  high  water  Bembridge 
13  ft.  6  in.;  time  from  high  water  i^  ai" ;  height  above  half  tide  6  ft.  6  in. ;  i^  2x">  and 
6  ft.  6  in.  =  correction  -4-  4  ft.  ti  in.;  half  spring  range  7  ft.  o  in.  Correction  for 
soundings  eubt,  ix  ft.  11  in. 

13.  Star.— Star's  dcd.  30*  1 3'  7*  8.,  tme  alt.  59'  36'  2',  latitude  6o»  37'  5'  8.,  Serie.  True 
»lt.  59'  35'  58',  latitude  60*  37'  9*  8.,  Itaper. 

The  Curre.— Correct  magnetic  bearing  8.  89"*  W. 

Deviations.- x'  E.,  19*  B.,  21*  E.,  9*  E.,  3'  W.,  1 1*  W.,  19'*  W.,  i6*W. 

Compans  courses.-N.  85*  \V.,  N.  45j»  W.,  N.  86»  E.,  South. 

Magnetic  courses.— S.  7r*  W.,  N.  58'  W.,  8. 49*  E.,  N.  56*  E. 

Bearingi,  magnelio.— 8.  76*  W.,  8.  56*  B.  ,  •  ^ 
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EXAMINATION  PAPER— No.  XII,  Pagu  445-447. 

I.  7'oio5i9  =  10345 165-1 ;  Tl^lA^S  =  •00233026. 
a.    1*168317  =  147339;  2*096910=  125. 

3.  True  Gonnea.— S.  45*  W.,  16'  dep.  coarse;  N.  73* E.,  15';  8.  49' W.,  23';  8.  43<»^f 
15';  N.  47'*  W.,  24';  N.  80"  E.,  22';  8.  53*  W.,  12';  8.  14"  B.,  6'  current  oourMS.  Dif, 
to<.25'-8  8.;  d(fp.8'*2W.;  «M«rw  S.  i8' W.;  dift.jY^  Xo*.  mi  49"  34' N. ;  diff,Umg,  li  VT. 
Longilud$  in  40^  13'  W. 

4.  Green,  date  Deo.  31*8!'  i5»;  red.  deol.  23*  4' 57' 8.;  tme  alt.  e?""  20*49';  ^•^««i* 
©•  25'  46*  8. 

jS^^mt  :  True  alt.  67*  20*  45^.    LatUud$  d*  25^  42'  8. 

5.  Log.  of  diff.  long.  2-346353  =  dif,  long.  222'. 

6.  Diff.  lat.  4766'  8. ;  mer.  diff.  lat.  5205' ;  diff.  long.  3735'  W. ;  tang,  oonrae  9*855870 ; 
couru  8.  350  39'  45'  W. ;  log,  of  distance  3*768350 ;  dittanee  5866'. 

7.  8tandard,  Qaeenstown,  constant  —  oi>59«;  o**  9"'a.m.,  and  o>»42">p«m. 

„  Sligo  „  — o  21  ;  I  31  A.1C.,  and  i  59  p.ic. 

„  Qaeenstown  „  —  i  19  ;  no      ▲.!€.,  and  o  22  p.m. 

„  Qalway  „  +  i  35  ;  «  39  ^.»^»  and  3    7  ^m- 

„  Londonderry  „  —  '  37  ;  3    4  •A'K**  uid  3  27  p.m. 

„  Pembroke  „  —  o  30  ;  i  42  am.,  and  2  15  p.k. 

8.  Green,  date  Deo.  28'  4^  io»  49*;  red.  decl.  23**  17'  2'  8. ;  true  amp.  E.  35*"  15'  30'  8. 
Oorrtetion  9*  56'  45*  B. ;  depuUion  5»  33'  15*  W. 

9.  Interval  12',  rate  5**7  Mng;  interval  4%^  16^;  ace.  rate  4"  3**1,  Green,  date  Deo. 
»4*  »5**  48"*  36«-5 ;  red.  deol.  23"  24'  59*  8. ;  red.  eq.  time  add  o»  5%  tme  alt.  40" 54'  8%  hour- 
angle  3«  41'  17*.    LaitffUfuU  178*"  11'  22'*5  B. 

Saper:  True  alt  40®  54'  2';  hour-angle  3»»  41"  i7».    Lwgitud*  178©  f  1'  22'*5  B. 

10.  Green,  date  Deo.  27*  4>»  40"  io«,  red.  ded.  23*  19'  50''  8.,  true  alt.  20*  27'  7%  sum 
of  logs.  19*362368,  true  asimuth  S.  57**  21'  45*  E.  Error  ofwmpoMi  la*  57'  o'  E.  Dtwatim 
f  37'  o'  B. 

By  Jtapir  :  True  alt  ao®  26'  54',  log.  sine  sq.  9*362393  =  8. 57*  2 1' 52*  B.  JSrror  of  eompaoo 
"**  56'  53*  B.    Doviation  5^  36'  53'  B. 

TSm$  oMimuth  :  Red.  eq.  T.  i-  2o»*9,  tuit.  from  M.T. ;  app.  time  at  ship  ^^  58"  50»  a.m.  ; 
true  oMimuth  K.  122"  12'  B.    Srror  Z2<'  31'  E,    DoviatioH  5^  11'  E. 

II.  Time  from  noon  30-  40",  Green,  date  Dec.  4*  i^  30",  red.  decl.  22**  15'  24'  8.,  true  alt 
60®  7'  i8%  nat.  no.  5105,  sen.  diet  29''  17'  9'  8.    Zatittid$  51**  32'  33'  8. 

Method  II.  +  35'  29*,  true  alt  6o»  7'  18*,  kUiiude  51'  32'  37' 8., IfoHi,  True  alt  60*7'  14% 
laiUmU  51'*  32'  41"  8.,  JEUg9$r. 

XbwoH :  Exceeds  limits  of  Table. 

I  a.  ist  Green,  date  Deo.  24*  22*»  ii»  2»;  deol.  230  24'  33*  8. ;  eq.  T.  +  o»  I2»*7  true  alt. 
9*  14'  59';  l»t-  4^'  30'  pv«3  hour-angle  2»»  58«n  51-;  long.  17®  25'  W.  (A);  lat  46**  o'  gives 
hour-angle  3**  2«  9';  long.  i8»  14J'  W.  (A).  2nd  Green,  date  Dec  25*  3*  15";  decl. 
2j0  24'  i4»  8. ;  eq.  T.  +  o»  19' ;  true  alt  15®  12'  14' ;  lat.  46^  30'  gives  hour-angle  i>»  57«  35*; 
long.  19**  i6J'  W.  (B) ;  lat.  46*  o'  gives  hour-angle  2»»  2« 56-;  long.  J^•  56 J'  W.  (B').  The 
line  of  bearing  at  the  first  observation  trends  8.W.  i  W.  Sun's  asimuth  8. 42*  B.  Ship 
at  the  second  observation  in  lat.  45^*  46}'  N.,  long.  17**  19'  W.  2nd  line  of  bearing,  BB', 
SJS.  by  E.  i  B.  (nearly).    Azimuth  8.  29^^  W. 

EXAMINATION  IN  OHABT. 
IhraUffrad$»  whtro  tho  Chart  i$  u$td, 
I.    True  oourse  ftrom  A  to  8t.  Catherine's,  W.  \  8.,  or  8.  88*  36'  W.    Deviation  ^cP  B. 
Cbmpass  oourse  8.  86^  36'  W.,  or  W.  \  8.,  diet.  73  miles. 

n.  Trnebearingof  Beachy  Head,  N.  85<>  11'  W.,or  W.fN.;  tme  bearing  of  DongaaesSy 
H.  32^  56'  B.,  or  N.B.  by  N.    Lat  s<^  A^V  N.,  long.  o»  46'  B. 
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ni.  lit  tme  bearing  Betchy  Head,  K.  3®  38'  W.,  or  N.  |  W. ;  and  trae  bearing 
N.  nf  V  E.,  or  E.  by  N. }  N.    Lat.  56*  41'  N.,  long,  o''  7  J'  W.,  dist.  13J  miles. 

lY.  Trae  coorae  S.  S8*  36'  W.,  or  W.  \  S. ;  oompaaa  oonne  S.  86*  36'  W.,  or  W.  \  S., 
diat.  17  miles.    Deriation  ao^E. 

Y.  Standard  Port  for  Referenee^Portsmoutb ;  constant  for  time  -)-  o**  4* ;  constant  for 
heigbt  +  a  ft.  4  in. ;  time  of  high  water,  Selsea  Bill,  1 1^  580  a.m.  ;  height  at  high  water, 
15  ft  5  in. ;  time  firom  high  water  a^^  58* ;  height  above  half  tide  7  ft  a  in. ;  a^  58"  and 
7  ft.  a  io.=oorrection-f-o  ft.  i|  in.;  half  spring  range  8  ft.  3  in.  Oorr§ction  for  Bounding 
w^L  %  ft  4i  in. 

13.  Star.— Star's  ded.  5®  30'  35*  N.,  true  alt  5a'  45*  ss'i  iatittid$  31*  43'  30*  S.,  Ifone. 
True  alt  5a*  45'  5>%  ^»««*  3»*  43'  33'  ^-f  ^BUiP^. 

The  Ourre. — ^Correct  magnetio  bearing  S.  a*  E. 

DdYiations.— 4^W.;  6«>W.;  ia»W.;  i8«W.;  3®E.;  aa»B.;  14*  B.;  i<>  E. 

Compass  courses.— East ;  S.  50**  E.;  S.  40<>  W. ;  K.  4"  W. 

Magnetic  courses.— S.  33®  E. ;  N.  88^*  W. ;  S.  30^'  W. ;  8.E.  by  B. 

Bearings,  magnetic— N.  86}*  \Y.;  N.  a*  W. 

EXAMINATION  PAPEE— No.  XHI,  Pagei  447-449. 
I.    6*110455  =  ia89598;  i*3oa556=  20*0704. 
a.    a'8o6i8o=:  640;  0*060635  =  1*14983. 

3.  True  Courses.— S.  14*  W.,  a3'  dep,  course ;  8.  a3*  W..  51' ;  N.  87*  W.,  45' ;  8. 44'  E., 
aa';  N.  78®  W.,  i8';  N.  14"  W.,  44'*,  8.  3' B.,  la';  West  5a'  current  course.  Dij-  lot* 
48'-a  8. ;  i^,  I34"7  W. ;  cowru  S.  70*  \Y.,  dut.  143*.  Lat.  wi  6i*  30'  N. ;  diff.  Umg.  a86'  W. 
J[mgUud$m'j%*  31' E. 

4.  Green,  date  Aug.  10*  17*'  51"  ia«;  red.  decl.  15®  ai'  49"  N.;  true  alt.  4a**  50'  17*. 
Xa<*rMi^3i*46'54'8. 

By  Sap^r :  True  alt  4a*  50'  6\     latitude  ^i^  47'  5"  S. 

5.  Log.  of  diif.  long.  a*6634ao  =  dif.  long.  46o'*7. 

6.  Diff.  lat.  aq6o'N.;  mer.  diff.  lat.  3413';  diff.  long.  i3J3'W.;  log.  tang.  9-591694; 
etmne  N.  ai**  ao'  W. ;  log.  dist  3*5oaiai ;  ditttmce  3178'  (nearly). 

7.  Standard,  Brest  constant  +  5t>  4"*;    ot»i8"»A.ic.,  and   oi'4a»p.M. 

„        Portsmouth  „       —  4  40  {  10  57  ▲.ic.,  and  1 1  aa  p.m. 

„        Holyhead  „       —  a  31  ;  ir  4a  ajc.,  and  no        p.m. 

,,        Weston-super-mare^       —  1  41  >     ^  4^  A.M.y  and   9  ro  p.m. 

8.  Qreen.  date  October  2^^  4,^  i4<"  48*;  red.  decl.  13*  10'  ai*  S.;  sine  9*546651;  true 
amp.  K  ad*  36'  55*^  S.  *  Brror  0/ compass  31®  16'  55'  E.    Looiation  7®  a6'  55"  E. 

9.  Interval  i5<*,  rate  ri*'a  gaming;  interval  16'  ai|>>,  ace.  rate  y^  9*;  Green,  date  April 
17*  ai>»  ai»  54";  red.  decl.  10^  46'  a4*  N. ;  true  alt  38®  ai'  36';  red.  eq.  1'.  subi.  o«  38*; 
log.  9*067074;  hour-angle  a*»  39"*  48*.    Longitude  o®  35'  15*  "W". 

Rapor  :  Tree  alt  38*  aa'  a5*;  hour-angle  a»»  39"  50«.    Longitude  o®  35'  45'  W. 

10.  Green,  date  Aug.  3i«i  t^^  12"  i8*;  red.  decl.  8*  23'  9'  K. ;  true  alt  44*44'  40';  sum 
of  logs.  19-429728 ;  true  asimuth  8.  6a*  a8'  54'  W.    Brror  a*  la'  ai*  W. ;  dtviation  3*  a7'  ai'  W. 

Maper :  True  alt  44*  44'  36" ;  true  aaimuth  8. 6a*  89'  W.    Brror  a*  i  a'  15"  W.     Variation 

f  %i  if  w. 

Tim  asimiUh  :  Red.  eq.  T.  o"  o>  firom  1I.T. ;  app.  time  at  ship  i>  380  Ta«;  true  azimuth 
N.  117*  36'  W.;  error  a*  17'  W.;  deoiation  3*  3a'  W. 

11.  Time  from  noon  a5B  5a*;  Green,  date  July  a8'  a^  10^  8«;  red.  ded.  18*  59'  39'  "S,; 
true  alt.  69*  aa'  19' ;  nat.  no.  4681 ;  mer.  len.  diat  19^  51'  10"  N.    Latitude  38*  50'  49'  N. 

Mbthod  II.    +47'  16";  true  alt  69*  aa'  19'.    Latitude  38*  50' 4' N.,  ^i>ri#.     Saper: 
True  alt.  69*  aa'  15*.    Latitude  38*  50'  8*. 
Ibweon :  Bsoeeds  limits  of  Table. 
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12.  ist  red.  docl.  7^*49  32*  S. ;  ist  red.  oq.  T.  +  i2«  4o»-8;  ist  true  alt.  27^41'  12'; 
lat.  47**  10'  gives  hour-angle  2^  i2»»  !$•;  long,  165*  56 J'  W.  (A).  Lat.  47*  40'  gives  honr- 
angle  2»»  8«  JO» ;  long.  164*57}' W.  (A').  2nd  red.  decl.  7*46' 21';  2nd  red.eq.T-|- i2B39*; 
trne  alt.  31**  50'  32^;  lat.  47*  10'  gives  long.  165**  28'  W.  (B).  Lat.  47*  40'  gives  long. 
x67<*  30}'  W.  (B).  The  line  of  bearing  at  the  first  observation  trends  NJBi.  (  £.  Son's 
true  azimnth  S.  37**  E.  Ship  at  second  observation  in  lat.  47®  15}'  N.»  long.  165*  50^'  W 
2Dd  line  of  bearing,  B  B',  W.  by  N.  }  N.    Aaimvth  8.  ao»  W. 

EXAMINATION  IN  CHAET. 

For  ail  grades  vfhere  the  Okart  u  tutd, 

L  True  coarse  from  Gape  Alpreoh  to  Beaohy  Head,  W.  ^  N^  or  K.  87^  11'  W.;  dev. 
17*  30'  W.;  compass  course  N.  52®  41'  W.,  or  N.W.  J  W.,  distance  51  miles. 

II.  Tme  bearing  Yame  light,  N .  47"*  4'  E.,  or  N.E.  \  E. ;  true  bearing  of  Dangeoeas, 
N.  7<»  41'  E.,  or  N.  J  E.    Lat.  50*  44'  N.,  long.  o»  56'  E. 

III.  ist  tme  bearing  Dnngeness,  N.  28<>  52'  W.,  N.N.W.  \  W. ;  and  trae  bearing 
N.  38*  38'  £.,  or  N.E.  \  N.    Lat.  50®  43'  N.,  long.  o<>  44'  E.,  distance  15  miles. 

IV.  True  course  N.  74*  32'  W.,  or  W.  by  N.  f  N. ;  compass  coarse  N.  43*  9'  W.,  or 
N.W.  i  N.,  diitance  66\  miles.    Deviation  I4<'  23'  W. 

y.  standard  Port  for  Beference— Dover ;  constant  for  time  -|-  o^  8»;  cdnstani  for 
height  -)-  o  ft.  8  in. ;  time  of  high  water  Beachy  Head  o^  20"*  p.m.  ;  height  at  high  water 
19 ft.  9 in. ;  time  from  high  water  o^  24";  height  above  half  tide  9  ft.  9 in.;  o^  24"  and 
9  ft,  9  in.  =  correction  4-  9  ft.  6  in. ;  half  spring  range  10  ft.  o  in.  Oorreotion  for  soundings 
9ubt.  19  ft.  6  in. 

13.  Btar — Star's  ded.  47*  30'  ai"  S. ;  true  alt.  49®  54'  3'.    Latitude  7°  24'  24'  8.,  Norie, 

u  »i  »»         49  53  54  »       7   ^4  '5  S.,  A»jw. 

The  Curve.  ~  Correct  magnetic  bearing  East. 

Deviations.-o';  23*  W.;  3</»W.;  a2<'W.;  3'W.;  270E.;  30<»E.;  ai°  E. 
Oompasscourses.— 8.  2iJ<»  W.;  N.  4i**B.;  North;  8.  67**B. 
Magnetic  courses.— N.  70®  W. ;  N.  2oJ<'  W.;  8.  7 J®  W.;  8.  32<>  E. 
Bearings,  magnetic— N.  65 J®  E. ;  S.  48J®  W. 

EXAMINATION  PAPBB— No.  XIV,  Fagw  449-451. 

1.  2*478098  =  nat.  no.  300*675.    4*214537  =  16388*38. 

2.  4*906874  =  nat.  no.  807002.    6*688798  =  *ooo4884. 

3.  TnieCounef.—S.i<»K,  15  dep. course;  N. 75» E., 42' ;  N.62'»E.,3i';  N.59'W.,37'; 
8.  II**  E.,  37';  N.  5i»  E.,  38';  N.  55«  E.,  28';  N.  io'>  E.,  17**5  oarrent  course.  Diff.  lai. 
Sd'^  N.,  dep,  ioo'*o  E.;  eouree  N.  63**  E.;  ditt,  112'.  Lat,  in  310  7'  N.;  mid,  lat.  30*  41' ; 
dif,  long,  ii6'*3 ;  long,  in  1810  48'  E.  or  178**  12'  W. 

4.  Ghreen.  date  March  20^  ii*>  36"^;  red.  decl.  o**  i'  24'  N.;  true  alt.  90<*  f  18'.  LmL 
©•»  8'  42'  N. 

Raper  :  True  alt.  90*  7'  lo^    Latitude  o«»  8'  34*  N. 

5.  Log.  of  diff.  long.  2*7x8690  =  Diff.  long.  523'-2. 

6.  Biff.  lat.  189'  S.;  mer.  diff.  lat  189';  difi.  long.  147°  35'  E.  =  8855'  £•;  ^^g*  coarse 
11*670727 ;  eouree  S.  88'  46'  38'  E. ;  log,  dietanee  3*947280;  dietanee  8857'. 

7.  Standard^  Devonport  +^^3''"»  i  i*^53"*a.x.,  and     no    p.x. 

„  Portsmouth  —  <  41  »    3  26  ▲.m.»  and    3^55'"p.m. 

„  Brest  -|~  ^  ^^  >  '^    ^  '^•^-1  ^^^     ^^    ^•^' 

„  Weston-super-mare  —  i  12  ;  11  xo  a.ic.,  and  ix  41  p.m. 

„  Weston-Buper-mare  —  i  41  ;  10  41  a.m.,  and  11  X2  p.k. 

,,  Devonport  ^-  o  29  ;  xo  46  a.x.,  and  11  17  p.m. 

8.  Qreen.  date  Dec.  5*  lo^  59«  52*;  red.  decl.  22°  26'  15*  8.;  riae  amp.  9*995515;  true 
amp.  &  810  4«'  4«*  8.    Jbw  16^  39'  27'  W. ;  deHoHoh  V  10'  33*  E.  3. 
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,  9.    Interral  6s'  Ioi^  aooamTilated  rate  +  3»  38«'6,  Ghwen.  date  Ang«  31  <i  lo^*  S9"  19% 
red.  decl.  8**  31'  3*  N.,  eq.  time  +  o"  6»*8,  true  alt  40*  o'  24',  hour-angle  »»»  a6™  30% 
M.T.  ship  Aug.  31*  ai»»  33"  37».    Zon^ude  166®  4'  30'  B. 
Saper  :  True  alt.  40^  &  20" ;  hour-angle  2*^  26"  30*.    LongitwU  166^  4'  30*  £. 

10.  Oreen.dateliarchi9<i23>'44"40«;  red.  decl.  0^10' 26' S.;  true  alt.  35*  14' 2s';  sum 
of  loge.  19*216385;  trneasimuthS.47^52'6*'E.    ^rror 45* 3' 2 1'W.;  tkfriat%onl^^ $i*  %i''Vf, 

Baptr:  True  alt  35*  14'  19';  true  aximuth  S.  47*  52'  15'  B.  Error  45*  3'  30*  W, 
dmatum  17*  53'  30'  W. 

Time  mimuth:  Bed.  eq.  T.  7»  38*  aubt,  from  BI.T.;  app.  time  ship  9^  30*  28*;  iru$ 
azimuth  N.  131®  38'  B. ;  mror  45^  33'  W. ;  dmatum  it*  23'  W. 

I  r.  Bed.  eq.  T.  7*  26*'o  add  to  M.T. ;  time  from  noon  9"  41" ;  red.  decl.  o^  8'  23'  N. ; 
true  alt.  61°  51'  21';  nat  no.  787 ;  mer.  sen.  diet.  28**  2'  53'  8.    latitude  27^  54'  30'  S. 

MethodII.— ifori*;  4.5'43'.  True  alt  61' 51' ai';  Wi/ii*  27^54' 33*8.  Jfc|p«r;  True 
alt  ei""  s «'  t^"  i  ItititudB  if  54'  38"  8. 

IbiMM  .•  Aug.  I  o;  index  12.    Aug.  II  -J-  5'  57*.    Zatitude  27**  54'  19*  8. 

n.  ist  red.  decl.  ©•  s^'  43*  8.;  ist  red.  eq.  T.  —  8'»  23*'5 ;  ist  true  ah.  ii^  o'  50*;  lat 
47*^  10'  N.  giyes  long.  179°  23I'  E.  (A).  Lat  46*"  40'  gives  long.  179"  13'  K  (A'}.  2nd  red. 
decl.  i""  4'  28'.  a ;  and  red.  eq.  T.  —  8»  30»-2 ;  2nd  true  alt.  26^  58'  43';  lat  47^  to'  gires 
long.  1790  23I'  B.  (B).  Lat  46"*  40'  gives  long.  i79<'  54^'  E.  (B'}.  The  line  of  bearing 
at  first  observation  8.  by  W.  ^  W.  Sun*s  true  azimuth  8.  760  £.  The  position  of  ship 
at  second  observation  is  lat.  46°  35'  N.,  long,  l8o^  2nd  line  of  bearing,  BB',  8.E.  by  8. 
t'rue  Asimuth  8.  55*  W. 

EXAHINATION  IN  OHABT. 
Ibr  ail  gradm  where  the  Chart  ie  ueed, 

L  True  course  from  A  to  Lisard  light  N.  68"  54'  E.,  or  E.  by  N.  |  N.  Deviation  25"  W. 
Oompass  course  8.  65^  6'  B.,  or  8.E.  by  E.  f  E.,  distance  74^  miles. 

11.  True  bearing  of  Longships  K.  41^  1 1'  B.,  or  N.E.  {  K. ;  true  bearing  of  St.  Agnes' 
light  8.  77*  45'  W.,  or  W.  by  8.  i  8. ;  latitude  49*  57'  N. ;  longitude  50  ss'  W. 

IIL  ist  true  bearing  of  Wolf  BocH  K.  i""  49'  E.,  or  N.  }  E. ;  and  true  bearing 
N.  88<»  II'  W.,  or  W.  i  N. ;  latitude  49**  56'  N. ;  longitude  5*  27'  W. ;  distance  13^  mUes. 

IV.  True  course  N.  78*  45'  B.,  or  B.  by  N.;  deviation  25<»  W.  Compass  course 
8.  55*  15'  K,  or  8.E.  )  E. ;  distance  78  miles. 

y.  Standard  Port  for  Beference— Devonport ;  constant  for  time  —  ii*  i6*;  constant 
for  height  -|-  o  ft.  6  in ;  time  of  high  water,  St.  Mary's,  lo^^  59"  a.x.  ;  height  of  tide, 
St  Mary's,  13  ft.  o  in.;  time  from  high  water  4^  51";  height  above  half  tide  5  ft.  o  in. ; 
half  spring  range  8  ft  o  in. ;  4*^  51"  and  5  ft  o  in.  =  correction  —  4  ft.  i  in.  Correction 
for  sounding  eubt,  3  ft.  11  in. 

13.    8t»r.— Decl.  (ttCygniJDeneb  44*53' o*N.;  truealt  56*  i3'5o'.    Zat.ii^6' so'lS, 

Baper :  True  alt  56*  13'  41'-    ZaMmde  ir>  6'  41'  N. 
.  lhi$  OiirT«.~CoReot  magnetjo  bearing  8.  82<'  W. 

Deviations.— 2  i^W.;  io»  W.;  30  W.;  4'K.;  ao»B.;  a3»B.;  5«B.;  17*  W. 

Gompaas  courses.— N.  64}^  B. ;  8.  loi*  W. ;  8.  68^"  B. 

Magnetic  courses.— N.  &7i«  W. ;  If .  54^  W. ;  N.  aa*  B. 

Bearings,  magnetic— N.  17"  W.;  8.  84)0  B. 

EXAMINATION  PAPEB-No.  XV,  Fo^m  451-453. 

I.   5*903094  =  800007*4;  7-718169  =  52260000. 

a,    8*850814  =  -0709274;  4*301030  =  20000. 

3.  Tme  GoursM.— 8.  40^  B.,  21'  dep.  course;  8.  6s*  B.,  14';  N.  54*  W.,  9';  N.  23'  B., 
18';  8.  lo®  W.,  22';  S.  6o»  W.,  29';  N.  i6«  E.,  2o'-6;  N.  79**  E.,  14'  current  course.  Dift 
lat  T3'*8  8.,  dep.  i6''4  B.;  course  8. 49^**  B.,  dist  ai'.  Zot.  in  34**  4a' &,  ift/.  Am^.  ao' B.^ 
Zofy.  M  i8«  48*  B, 
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4.  Green,  date  February  10*  3i»»  51"*  o»;  red.  decl.  14'  3'  I'S.;  true  alt.  36»  32'  9*. 
lot.  45»  24'  50*  K. 

iJfl|W  ;  True  alt.  30^  31'  7*.    Zatiiude  45*  34'  si*'  N. 

5.  Log.  of  diff.  long.  2*997 140  =  Dtf.  long.  993*4. 

6.  Diff.  lat.  4202'  K. ;  mer.  diff.  lat.  4555' ;  diff.  long.  4847'  E. ;  tang,  course  10*026985 ; 
course  K.  46"  46'  44*  E.;  log,  ofdutaneo  3*787882 ;  dUtanee  6136. 

7.  Standard,  Holyhead    constant  —  2i'ii";     loi"  3^  a.m.,  and  iq|>22»  p.m. 

„  Greenock  „  —  o  58    ;  z    o  A.M.,  and    i  17  p.x. 

,,  Kingstown  „  —312;  10    5  a.x.,  and  10  23  p.m. 

,,  Belfast  „  —  4  18   ;  8  34  A.M.,  and    8  53  p.x. 

„  Greenock  „  —  o  23   ;  i  35  a.m.,  and    i  52  p.m. 

8.  Green,  date  March  30*  7^  4I"  8» ;  red.  ded.  3*  52'  53'  N. ;  sine  8*833347,  tnie  amp. 
B.  3**  54'  24"  N.    Bnor  f  4$  ^4'  W. ;  dcpiaiion  13'  45'  «4*  W. 

9.  Interval  32'  21^^ ;  aocnmnlated  rate  —  2^  41* ;  Green,  date  May  26^  21^  io»  6* ;  red. 
deol.  2i«  16'  19'  N.;  red.  eq.  T.  3«  8»  tubl.;  true  alt.  43°  20'  9';  hour-angle  2»»  53»  8«. 
Longitudo  i®  35'  30*  W. 

Sa^  :  True  alt.  43*  20'  3' ;  honr-angle  2»»  53«  9".    LongUude  !•  35'  45*  W. 

10.  Green,  date  July  10*  o^  25«  20» ;  red.  ded.  22®  15'  26T  N. ;  true  alt.  44*  59*  38';  sum 
of  logs.  19-233002 ;  true  azimuth  S.  48*  54'  lo*  E.   JBrror  54*  28'  40*  W. ;  dmation  3"  28'  40*  W. 

Raper :  True  alt  44*  59'  33';  true  asimuth  8.  48*  51'  30'  E.  Error  54°  29'  W. ;  dmaiion 
3«  29'  W. 

Tim  MiimUh  :  Bed.  eq.  T.  5*  2«  tubt.  from  M.T. ;  app.  time  ship  9*^  39*  o";  tru$  OMinuUh 
N.  131°  4'  E.;  error  of  compost  54°  34'  W. ;  dmaiion  f  34'  W. 

1 1.  Red.  eq.  T.  o"  5«  o^  to  M.T. ;  time  from  noon  14™  22*;  red.  ded.  23*'  16'  14'  8.  \ 
true  alt.  55®  29'  4';  nat.  no.  965 ;  mer.  zen,  dist.  34*  25'  4*  N.    Latitude  57*  41'  18*  N. 

MbthodII.  +5'5i\  Ttue alt.  ^^(»*w>/ 55*29' 4»;  fti<iVi#*57'»4i' 19' N.  J?fl[p#r.- True 
alt.  55*  28'  59';  UUituie  57'  41'  24*  N. 

2bf9«0ii ;  Aug.  1  +  2'  28' ;  index  22.    Aug.  TI  +  8'  28^    Latitude  57*  41'  10^  N. 

12.  ist  red.  decl.  20'  47'  51"  8. ;  ist  red.  eq.  T.  +  io»  14*;  ist  true  alt.  13'  18'  21'; 
lat.  46*  o'  gives  long.  54'  23J'  E.  (A).  Lat.  46"  30'  gives  long.  55*  16J'  E.  (A*).  2nd  red. 
decl.  26»  44'  49'  8. ;  and  red.  eq.  T.  +  lO"  i8*-6 ;  2nd  true  alt.  8"  53'  23' ;  laL  46®  o'  gives 
long.  54"  45f  E.  (B).  Lat.  46*  30'  gives  long.  54"*  s\'  E.  (B').  The  line  of  bearing  at  the 
first  observation  treads  N.E.  \  E.  Sun's  true  bearing  8.  39}*  E.  2nd  line  of  bearing, 
B  F,  N.W.  i  N. ;  azimuth  S.  48*'  W.  Ship  at  the  second  observation  in  lat.  46^  29'  N., 
long.  54*  7'  E. 

EXAMINATION  IN  OHABT. 
IbraUgrades  where  the  Chart  is  used, 

I.  True  course  from  A  to  Lundy  Island  N.  47"  49'  E.,  or  N.E.  ^  E.  Deviation  22*  15'  W . 
Compass  course  8.  88"*  56'  E.,  or  East,  distance  45}  miles. 

II.  True  bearing  of  Longships  light  8.  71''  23'  E.,  or  E.  by  8.  |  8.;  true  bearing  of 
Seven  Stones  8.  29*  53'  W.,  or  8.S.W.  |  W.    Latitude  50*  7 J'  N. ;  longitude  6*  W. 

m.  ist  true  bearing  N.  86**  7'  E.,  or  E.  {  N. ;  2nd  true  bearing  8.  480  53'  E.,  or 
8.E.  I  E.    L^titado  50**  41'  N. ;  Liongitude  5*  16'  W. ;  distance  12^  miles. 

IV.  True  course  N.  57*  39'  E.  or  N.E.  by  E.  i  E.  Deviation  24*  W.  Compass  course 
8.  77**  21'  E.y  or  E.  by  8.  i  8.,  distance  49}  miles. 

V.  Standard  Port  for  Reference— Weston-super-Mare ;  constant  for  time  —  2>»  io« ; 
constant  for  height  -—  16  ft.  o  in. ;  time  of  high  water  at  St.  Ives  1 1^  24*  p.m.  ;  height  of 
tide,  St.  Ives,  14  ft.  8  in. ;  time  from  high  water  i^  54» ;  height  above  half  tide  4  ft  2  in. ; 
half  spring  range  10  ft.  6  in. ;  i^  54*"  and  4  ft.  2  in.  ^  correction  -(-  2  ft.  3  in.  Correction 
tQX  sounding  eukt,  12  ft  9  in. 
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13.    star.— Deol.  a  Pavonis  57«  5'  30*  S. ;  true  alt.  31*  4S'  59*.    Laiii^ttU  o<>  5'  31*  N. 

lUtpmr :  True  alt.  3a'  48'  53'.    Lmiiiude  ©•  5'  37*  N. 

The  CQrye.^CoiTect  magaetic  bearing  8. 17*  B. 

Deviations.— 17*  E. ;  39®  E,;  2a<»E.;  5*»W.;  aS'W.;  30®  W.;  «•  W.;  i**  W. 

Oompasa  oonpwe.— N.  28^  W.;  N.  58*  W.;  S.  79|«  W.;  8.  89*  W. 

Magnetio  couraen.— S.  80^  E. ;  8.  42<>  E. ;  N.  66*  W. ;  8.  87*  E. 

Bearing!,  magnetic— K.  a8*  E. ;  8.  63*  E. 

EXAMINATION  PAPER— No.  XVI,  PagM  4J3-4S5- 

!•    4'7347»4  =  54»90*5 5  r««309^  =  •66541, 
a.    3*306211  =  2024;  1*671358  ^  a6'^2. 

3.  TruaCoTiriei.-N.56»W.,i3'dep.courM;  8.7o«W.,34';  8.69«W.,36'«2;  8.59*W., 
38'-6;  8.  3*  W.,  34'-! ;  8.  io«  W.,  i7'-2 ;  N.  77*  W.,  3^-5 ;  8.  io*»  W.,  21'  ourrent  course. 
Dtf,  UU.  ioi'-4  8. ;  d^p.  i5o'-6  W. ;  oonru  8.  56*  W. ;  «Ki<,  i8i|'.  Xj<.  ta  6o<>  57'  8. ;  Hf, 
hftf.  302'.    £0fi^ikiNf#  M  184*  44'  W.  or  175^  16'  E. 

4.  Green,  date  May  16^  3i>  i«  44* }  red.  decl.  19*'  7'  7'  N. ;  true  alt.  86°  50'  42'.    ZatUud$ 

15*  57' 49' N. 
JUj^  :  True  alt.  86»  50'  35*.    ZatitutU  15**  57'  42"  N. 

5.  Log.  of  diff.  long.  a*497 139  =  !>•/.  lonff,  3i4''2. 

6.  Diff.  lat.  604'  8. ;  mer.  diff.  lat.  606' ;  diff.  long.  6314-  W. ;  tangent  11*018519 ;  mtrn 
B.  84^  31'  35*  W. ;  log.  ditU  3'*o»547 ;  dUUm€$ 6332. 

7.  Standard,  Breat,       constant  —  o)»27";      no    A.w.,  and  okio*p.x. 

•(-  o  27  ;    o^26"A.x.,  and  i    4  T.u, 
+  4  33  »  "44  A«ic.,  and   no    P.H. 

—  I  41  ;  4  58  A.11.,  and  5  33  T.u. 
4-  o  47  ;  8  26  A.if.,  and  9  4  p Ji. 

—  o  19  ;  7  20  AX.,  and  7  58  ».k. 

8.  Green,  date  Jane  24'  11^  4i»;  red.  ded.  23°  25'  N.;  sine  amp.  9*998835 ;  true  amp. 
W.  85**  48'  20'  If.    JSrror  12°  37'  55*  W. ;  d$ffuUion  t&>  52'  5*  E. 

9.  loterral  42'  23^  aconmulated  rate -|-  5*  43**7 ;  Green,  date  June  14'  23^  6*  21*;  red. 
deel.  23*>  ir53*  N.;  red.  eq. T.  +  ©■  6»-5 ;  true  alt.  20^48' 38*;  hour-angle  3'»7'*3o»;  M.T. 
ahip  June  14'  20^  52*  36*.    Latgiimh  33*  26*  o"  W. 

Jtaptr :  True  alt.  20  48*  25*;  hour-angle  3**  7»  32*.    LmfUui$  33*  26^'  W. 

10.  Green,  date  September  23'  10^  9"*  47* ;  rad.  ded.  o*  1 1'  55'  8. ;  true  alt  30^  28*  43' : 
turn  of  logs.  19*195303:  true  aaimuth  N.  46*  39'  6*  W.  3nr§r  601*42' 51'  W.:  it^itUiof^ 
31*  52' 51*  W. 

Mfptr :  True  alt  30*  28*  36':  true  aaimuth  K.  46*  39'  24'  W.    DtwitUim  31*  53'  9'  W. 
2Vm#  asMNfiA ;  Red.  eq.  T.  7"  44«'9  4-  to  H.T. :  app.  time  ship  2^  35*  14*  ».k.  :  trm  mnmiah 
8. 133*  24'  W. :  itrw  cfoowtpMt  6o*  46*  W. :  do9uUioH  31*  50'  W. 

11.  Bed.  eq.  T.  7*  26**4  mU  to  H.T. ;  time  from  noon  19"  i6*;  red.  deoL  o*  f  50^  N. ; 
true  alt  38*  58'  36^;  nat  no.  2225 ;  mer.  s^n.  diet  50°  51'  33'  N.    ZatUmU  50*  59'  23'  K. 

HaiHOD  II.— J2#iIm#IiVni  4-  9'  52".  LaiUude  s^  59'  2a'  N.  {N$ri$).  (AyMr)  true  alt. 
3»*  S3'  34*;  ItUiiude  50°  59'  24*  N. 

JbiMofi  .*  Aug.  I.  4-  2%  index  46.    Aug.  II,  4-  9'  50'.    Zaiiimh  50*  59'  26'  K. 

12.  ist  red.  decl.  13°  11'  10*  N. ;  ist  red.  eq.  T. 4-  3«  44*;  1st  true  alt  17*  40'  42';  lat 
49»  25'  aiFes  hour-aiu(le  5*»  i2«  28*;  long.  isT  53'  W.  (A).  Lat  49*  55'  gives  hour-angle 
5>»  12*  27'* ;  long.  19*  52 J*  W.  (A')  2nd  red.  deoL  13'  9'  o*  N. ;  2nd  red.  eq.  T.  4-  3»  43* ; 
and  true  alt.  41*  56'  2';  Ut  49°  25'  gives  hour-^ngle  2^  34"»  10*;  long.  20°  43^'  W.  (B): 
lAt.  49°  ss'  8^^^  hour-angla  2^  31^  56*;  lonsr.  so®  10'  W.  (B'}.  The  line  of  bearing  at 
the  first  observation  tranda  North.  Sun's  true  bearing  Eiat.  The  poaition  of  tha  ship  at 
thaaaooiidobsarvatio&  ia  lat  49*45'N.,  long.  a6*ao|'W,  > 
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EXAMINATION  IN  CHART. 
Tor  ail  gradi$  wh^e  the  Chart  is  und. 

I.  Magnetic  ooane  from  A  to  the  Bill  of  Portland,  N.  S3*4rE.,  or  E.}  N.;  Der. 
24*  30'  W.    Compass  oonrse  8.  7 1«  49'  B.,  or  E.  by  8.  |  S.,  dintanoe  84  miles. 

II.  Magnetic  bean'nsr,  Eddystone,  N.  49'' 49'  W.,  or  N.W.  |  W.;  magnetie  bearing. 
Start  Point,  N.  ss'^  39'  E.,  or  N.B.  by  E.    LUitnde  50*  4'  N. ;  Icigitadi  y  49'  W. 

III.  ist  maarnetio  bearinar,  SUrt,  N.  7"  37'  W^  or  N.  |  W. ;  and  magoAtie  bearing 
Start»  N.  7a*  19'  W.,  or  W.  by  N.  |  N.  Latitude  50*  13!'  N. ;  longitude  y»  24'  W. ;  dutanoe 
9  miles. 

lY.  Magnetic  course,  E.N.E.  or  N.  66^  49'  E.,  DeWation  ai*  W.  Compass  ooniae 
N.  8S**  49'  E.,  or  E.  i  N.,  diatanoe  32  miles. 

y.  Standard  Port  for  Reference — Devonport ;  oonntant  for  time  4-  o^  38" ;  oenstant 
for  heigbt  -.  3  ft.  o  in. ;  time  of  high  water  at  Exmouth  o>>  28"  p.if. ;  height  of  tide,  Bx- 
monlh,  8  ft.  11  in. ;  time  from  high  water  a*'  48"*;  half  spring  range  6  ft.  i|  in.;  height 
above  half  tide  a  ft.  9}  in. ;  2^  48"  and  a  ft.  9^  in.  =  oorrectioa  -(-  ^  ft.  3^  in.  Correction 
for  sounding  ttibt,  6  ft.  5  in. 

1 3.    8tar.^Spica*s  decl.  icf*  34  aa*  S. ;  true  alt.  5a*  9'  5'.    Laiituie  48^  25*  i?*"  S. 

Sap$r  :  Trae  alt.  520  9'  o^    ZatitwU  4S?  %$'  ^*'  S- 

The  Carre.— Correct  magn<»tic  bemng  S.  11"  W. 

DeTiations.— 240  W. ;  2*W.;  5«»  E. ;  8*  fi. ;  2rE.;  22*  E.;  3*W.;  2^  W. 

Omnpeas  oomaet.^N.  85^  E. ;  a  46"  W. ;  8.  42^^  B. 

Magnetic  courses,— N.  8i»  W.;   N.  23*  W.;  N.  70'  B. 

Bearings,  magneUc^DoTiation  for  ship's  head  W.S.  W.  =  lo}"  B.)  S.  89}a  W.,S.  lo^**  W. 

EXAMINATION  PAPER-.No.  XVII,  Pagsi  455-457. 
».    7'«5i355=  44807938  I.     1-351334=  22-4561. 
a.    5-614476  =  411600-94.    9-030734= -107333. 

3.  True  Govnea.'i^^  780  £.,  20',  dep.  course^  East,  43';  N.  86«  E.,  44';  N.  8i*»  B.,  48' ; 
S.89'*E.,43';  N.87*E.,42';  N.58'K,44';  N.49»E..  78' current  course.  D^.Ut.W'sV.; 
i$p.  335'  E.;  eouTH  N.  76'  B. ;  dut,  343'*4.  Lot.  m  38'  59  N.;  dif,  Umg.  427'  E.  Xofy.  m 
6*  26'  E. 

4.  (}reen.  date  Nov.  ao*  19k  i8»  40»;  red.  decl.  i9<»  52'  41*  8.;  tme  alt.  8op  28'  59*. 
Latitude  29**  23  42'  S. 

Baper  :  True  alt.  8o«  28'  56'  N.    LatUwU  290  23'  45'  S. 

5.  Log.  of  diflF.  long.  2-728753  =  diff,  long,  535'  5- 

6.  BiE  lat.  ao6i'  6.;  mer.  diff.  lat.  2101';  di^.  long.  10396'  E. ;  log.  tang.  10*681724; 
mufm  fl.  78*  14'  40*  E.;  log.  dittanot  4*005008;  ditUmto  loi  16'. 

7.  Standard,  Harwich,    constant  —  oi>5i»;    no      a.m.,  and    o^i9»p.x. 

^  Gteenock  „  —  o  56  ;  no  a-m.,  and  o  16  f.m. 
„  Helyhead  „  -1-  o  57  ;  ne  a.ic.,  and  o  9  ».m. 
y,  Kingstown  1,  -^  o  3  ;  no  a.if.,  and  e  9  p.w. 
^        Dover  „        -1-113;     «**  8«A.if.,  and    i  3a  p.k. 

f .  Green,  date  Jane  29*  2»»  5 3-  26* ;  red.  decl.  23°  1 4'  24*'  N. ;  true  amp.  B.  53»  58'  46*  N* 
Brror  oftomptm  5o<»  4'  59*  E. ;  dmfiation  29®  54'  49"  E. 

9.  Interral  34*  i2>»;  Oreen.  date  June  4*  i2»»  29«»  23»;  red.  ded.  22*  89'  36*  N.;  true 
alt  28'  18*  52^ ;  red.  eq.  T.  mbt,  i-  54' ;  hour-angle  3»»  52-  19' ;  M.T.  ship  June  4*  ao"*  5*  46*. 
langitudo  1 14*  5'  45'  ^' 

Sapor  :  True  alt.  28'  18'  42';  honr-imgle  3»»  52«  i9».    longitude  1 14<>  5'  45*'  B. 

10.  Green,  date  Sept  28*  i4»»  i4«  57*;  red.  decl.  2°  13'  55*  8. ;  true  alt.  29<»  30'  8"  ;  sna 
Ofloga.  18-907403;  trneasimuthS.  33^  i'42'W.    £rror^^^j^'  ii'K;  doviatumtj^i^'  12* E. 

Jiapor:  True  alt.  29®  29'  54";  true  aaimuth  8.  33'  2'  28'  W.    DeviatioH  230  24'  58*  E. 
Tim$  oaimuih  :  Red.  cq.  T.  9-  3o»-2  add  to  M.T. ;  app.  time  at  ship  i**  5i«  5*  f.k.  ;  irm 
mimulh  N.  147*'  3»'  W, ;  orror  38-  ^  E. ;  di9i4$UoH  aa*  ^i'  B. 
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1 1.    Time  from  noon  1 8n  1 1« ;   Green,  data  May  %<Ao^2t^^;  rod.  decl.  2 1^'  46'  9''  N. ; 
tme  alt.  40®  3'  $2' ;  nat.  no.  916 ;  mer.  sen.  dUt  49*  5 1'  59*  S.    LatiimU  71*  38'  8*  N. 
Mbthod  II.    Red.  +  4'  10'.    Latitude  7 1''  38'  7*  N.,  (None), 
Raper  :  Tme  alt.  40*  3'  45*.    latitude  71  *»  38'  14*  N. 
STbiMOM  ;  Aug.  I  +  3'  45* ;  index  35I.    Aug.  II  +  7'  50^    Latitude  710  38'  la*  N. 

la.  iBt  red.  ded.  23^  4'  9'  K.;  ist  red.  eq.  T.  +  3'"  40*;  ist  true  alt.  310  19'  36^; 
lat.  48*  o'  gives  hour-angle  4»>  32'»  46*;  long.  7°  47  J'  W.  (A).  Lat.  48*  20'  N.  givee  hour- 
angle  4*»  32«»  46»;  long.  7*  47 J'  W.  (A').  2nd  red.  decl.  23*  3'  44'  N.;  2nd  red.  eq.  T.  -|- 
3"  4i» ;  2nd  true  alt.  53**  i'  1 8*.  Lat.  48*  o'  gives  hour-angle  »•»  17*  4S» ;  long.  8<»  8 J'  W.  (B). 
Lat.  48**  20'  gives  hour-angle  2»»  i6»  35' ;  long.  7*  50}'  W.  (B').  The  line  of  bearing  at  the 
first  observation  trends  North.  Sun's  azimuth  Bast.  2nd  line  of  bearing,  B  B',  N. N .£.  |  B. 
Asimuth  6.  59"*  B.     The  ship's  position  at  second  obserratioii  is  lat.  48"*  14'  |(.,  long. 

BXAUINATION  IN  OHAET. 
Ihr  all  grades  where  the  Chart  is  ueed. 

I.  Hagnetio  course  from  A  to  Hanois,  N.  840  x  i'  B.,  or  B.  |  K.  Deviation  24*  30'  W. 
CSompass  coarse  8.  71*  19'  B.,  or  B.  by  8. 1 8.,  distance  7 1  miles. 

II.  Magnetic  bearing  of  Isle  de  Bas  8.  i2«  4'  W.,  or  8.  by  W.  |-  W. ;  magnetic  bearing, 
Triagoz,  8.  41''  23'  B.,  or  d.B.  |  8.    Latliude  490  3'  N. ;  longitude  4''  4'  \V. 

IIL  ist  mafoistio  bearing,  Isle  de  Bas,  8.  6fO  4'  B.,  or  8.B.  by  E.  (  E.;  2nd  ma^etio 
iMaring  8. 40  49'  B.,  or  8. }  E.    Latitude  4&'*  54}'  N. ;  longitude  4«  8'  W. ;  distance  10  miles. 

IV.  Magnetic  course  8.  780  45'  B.,  or  B.  by  8.  Deviation  25*  W.  Compass  course 
8.  si^  45'  ^»t  or  S.B.  ^  B.,  distance  40^  miles. 

y.  8tandard  Port  for  BeferRnce — Brest ;  constant  for  time  -|- 1^  50™ ;  constant  for  height 
-|-  7  ft  oin.;  tifoie  of  high  water,  Port  St.  Peter,  3"  15"  r.K. ;  height  of  tide,  8t.  Peter, 
22  ft.  8  in.;  time  from  high  water  4^  33"*;  half  spring  range  13  ft.  9  in.;  height  above 
half  tide  9  ft.  8  in. ;  4^  33"*  and  9  ft.  8  in.  =  correction  ^-  7  ft.  o  in.  Oorreciion  for  sounding 
eubt.  6  ft.  o  in. 

13.    8t»r.— Stor's  decl.  i6«  34'  o*  8. ;  tme  alt.  37»  44'  55^    LatUude  35<>  41'  $"  N.  {Norte). 
Bafeir :  True  alt  37**  44'  49'.    Latitude  35^  41'  1 1'  N. 
The  Carre.— Correct  magnetic  bearin^r  N.  12°  B. 

Deviatioos.~i2«B.;  o*;  17*  W.;  24' W.;  i2«  W.;  7»K;  i7«B.;  17*  B. 
Compass  courses.— N.  85*  W. ;  8.  57*  W. ;  8.  34«»  B. ;  8.  ?•  B. 
Magnetic  courses.— N.  86*  E.;  8.B.  by  S.;  N.  38^  W.;  N.  79®  W. 
Bearing,  magnetic.— ;( Deviation  for  ship's  head  B.  by  8.  |  8.  =  ^o)*  W.) ;  N.  li^  W.; 
B.37i"K. 

EXAMINATION  PAPER— No.  XVIH,  Paga  457-459. 

1.  Log.  of  product  9*429419  =  product  2688000000;  Log.  6'>335o6,  product  -000001712. 

2.  Log.  of  quotient  4*986680  =  quotient  96979*6;  Log.  2*439691  product  '0275x3. 

True  Ooiinst.-^N.  69«  W.,  25'  d  p.  course;  N.  58*  W.,  51';  8.  63*  W.,  4*';  N.  510  B., 
30 ;  N.  36°  W.,  46';  8.  27*  W.,  11';  8.  68* E.,  16  ;  8.  51*  W.,  31' current  aiurss  Dif.  lat. 
37'-f  N.;  dty.  122*8  W.;  eewrwN.  73*  W.;  diet.  n%\  LatiiuJe  in  is'*  $0  S.;  mid.  lat.  ^6''%; 
dif.  long.  152'  W.    Longitude  »a  7  x*"  9'  W. 

4.  Green,  date,  1887,  Deo.  31*  i2>»  48«  24*;  red.  decl.  230  4'  7'  N. ;  tn^e  a\t  83*  52'  »4^ 
Za/t^tM&29**ii'43«N. 

Saper  :  True  alt.  83''  52'  20'.    Latitude  29°  i  T  47'  8. 

5.  Log.  diflF.  long.  2*284397 ;  diff.  long.  i9i'*5  W.     Long,  in  182**  29'"5  W.,  or  177*  joj* B, 

6.  Diff.  lat.  2747*8. ;  vfxvr.  dif.  la'.  2919';  diflF.  lonaf.  6340'  W.;  tan^.  course  10*3368^5; 
1 8.  65^  16'  41'  W. ;  log.  dietance  3-81744^;  diet^  6^6^'. 
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$r6  Antmn. 

7.  standard,  PnrUmonth  oonsiant  —  o^4r«>;  11^  i"a.x.,  and  ii^xa*P.x. 

,9  DoTer  „  -)-  o  39  ;  1 1  50  ▲.k.,  and    no      r.v. 

,,  Harwich  ,,  ^  a    9  ;  10    1  ▲.x.,  and  10  93  p.x. 

„  Greenock  ,,  — o  19  ;  11  49  a.k.,  and    no      p.if. 

„  Kingitown  „  +  >  >9  »    ^    9  a.ic.,  and    o  29  r.if. 

8.  Green,  date  Nov.  3*  17^  28"  30«;  red.  ded.  15*  17'  13"  8.;  tme  amp.  E.  a2«  35*  38*  8. 
JRwraJ*  i'5a*W.;  d^w/ibn  ii«  31' 5»^  W. 

9.  Interral  14',  rate  8"*5  gaininff,  interval  124'  ao\  aocamnlated  rate  — 17^  41*,  (}reen. 
date  Angnst  31*  19**  54"  3o»,  red.  decl.  8*  ax'  31*  N.,  eq.  T.  —  o"  i»,  tme  alt.  15*  25'  44% 
■am  of  logt.  9*531507,  hoar-angle  4^  45"  aa*.    Xoiy.  9*  58'  15*  W. 

JBajMT  ;  Tme  alt  15*  a^'  31' ;  honr-angle  4^  45"  a  a*.    Longiiude  9«  58'  15^  E. 

10.  Green,  date,  May  31'  16^  i3"»;  re^.  deol.  aa^o'  30'  N.;  tme  alt.  39*  ao'  a6';  aam  of 
logs.  19*778953;  tree  asimuth  8.  loi*  40'  o*  E.    Brrw  3®  13'  45'  W. ;  d$9Mti9n  4°  3'  45*  W. 

Bajmr  :  Tme  alt.  39®  ao'  19' ;  trae  asimath  8.  loio  40'  3^  E.    lk9Utiion  4^  3'  48'  W. 
Tim  ostMNlA;  Red.  eq.  T.  a«  31*  add  to  M.T.;  app.  time  at  ihip  8^  ai«  31*.    Trm 
mimUh  N.  78*  16'  E.;  $rntr  f  it  W. ;  dffriaiion  4*  8'  W. 

11.  Green,  date,  April  la'  14^  i»  5*;  time  from  noon  io«  15* ;  red.  ded.  8®  5a'  54'  N. ; 
tme  alt  80^  43'  1 1';  nat  no.  988 ;  mer.  len.  dist.  8^  55'  ai""  8.    ZatitwU  o"^  a'  a7*  8. 

Mbthod  II.    +  aa'  o";  UUUude  cP  i'  55*  8.  {Nort$).    LatUud»  o""  a'  f  B.  (>fi«iMr). 
Tomm:  The  altitade  exoeeda  the  limits  of  the  Table. 

la.  ist  red.  decl.  4*  30^14' N.;  ist  red.  eq.T. +4«o>;  itt  tme  alt  35^  3' 30*;  lat. 
51*  o'  giTce  hoar-anffle  a^  ao«  ao";  long.  9**  38^'  W.  (A).  Lat.  50"*  30'  gives  hoar-angle 
^h  33m  30* ;  long.  10°  a5|'  W.  (A'),  and  red.  deol.  4*"  3S'  19'  N. ;  and  red.  eq.  T.  -(-  3"  56* ; 
and  tme  alt.  31*  31*9*;  lat.  51*  o'giTOJ  long.  11®  6 J'  W.  (B).  Lat.  50°  30'  gives  long. 
10^  30I'  W.  (B  ).  The  line  of  bearing  at  first  observation  trends  8.W.  Aitmoth  8.  45®  E. 
and  line  of  bearing  B  B*,  8.E.  f  H.  Asimath  8.  53)"  W.  8hip  at  time  of  second  obMrva- 
tion»  lat  50»  a8i'  N.,  long.  16*  a8'  W. 

EXAMINATION  IN  OHABT. 
J^  tdl  grmdm  ¥>htr$  ih$  Chttri  %$  %m9d. 

I.  Tme  ooarse  from  A  to  U^hant,  8.W.  ^  W.,  or  8.  46®  a^  W. ;  magnetio  ooarse 
8.  67^  24'  W.,  or  W.S.W.  Dev.  a8«  E.  Oompaas  ooarse  8.  39*  a4'  W.,  or  aW.  ^  8., 
distance  70}  miles. 

II.  Tme  bearing  of  Tr'agns,  8.  a6<>  45'  E.,  or  8.S.E.  |  E. ;  tme  bearing  of  Isle  de  Bas, 
8.  at*  4'  W.,  or  8.  by  W.  }  W.    LaUtaie  49"^  6'  N. ;  longitnde  3^  49'  W. 

m.  ist  tme  bearing  of  Isle  de  Bas.  8.  18*  15'  W.,  or  8.  by  W.  |  W. ;  and  tme  bearing 
a  46*  a6'  E.,  or  8  E  i  B.    Latitada  48^  5a'  N. ;  longitnde  4*  13'  W. ;  distance  loj  miles. 

IV.  Tme  coarse  8.S.W.  |  W.,  or  8.  a9**  3a'  W.;  magnetio  ooarse  8.W.  \  W.,  or 
B.  5o<*  3a'  W. ;  deviation  34^'  E.  Oompass  coarse  8.8.  W.  |  W.,  or  8.  a6*  3a'  W.,  distnnoe 
51^  miles. 

y.  Btandard  Fort  for  Beferenoe^Brest ;  constant  for  time  — o^  15*;  constant  fo« 
height  o  ft.  o  in. ;  time  of  high  water,  Ushant,  6^  ^\^  am.  ;  height  of  high  water,  Uabant, 
17  ft  4 in.;  time  from  high  water  3>»  54» ;  half  spring  range  9  ft  7)  in. ;  height  above  half 
tide  7  It.  8^ in.;  3^  54«  and  7  it.  8}  in.  =  correction  —  3  ft.  6  in.  Oorrection  for  sonndiiig 
snM.  6  ft  liin. 

13.    8tar.*a*GenUarrsdeol.6o<'22'3'8.;  troealt.9•5a'3a^    ZtUihidt  t^""  4$' if  V. 

Ktip$r  :  IaUUwU  19*  45"  3*'  ^« 

Tha  Conra.— Oorreot  magnetic  bearing  8.  8«  E. 

Deviations.— 19"  E.;  8«  W.;  a90W.;  35' W.;  ao»W.;  i3»E.;  a9«B.;  3i«  E. 

Oompass  coarses.-N.  a»  E. ;  8.  6oi«  E. ;  8.  a9«  W. ;  K.  7  3*  W. 

Magnetio coarsei.—N.  it*  W.;  &  61  E.;  N.  50<>  K;  N.  34<»B. 
ijPE.;  N.i»*W. 
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EXAMINATION  PAPER— No.  XIX,  Pagi  459-461. 

z.  Log.  7*080996  ^  12050250.  L'>g.  5*938289  =  867549. 

a.  Log.  0*301030  ^  *2.  Log,  1*77055'  =  5^  9^* 

3.— TrneCtouriei.— N.7o'W..  i3'dep.ooar8e;  8.2o*»W.,48';  8. 6o*>W.,  37'-2 ;  8.540W., 
3or;  N.  71"  W.,  43-5;  N.  66«»  W.,  38'-4;  N.  i5<»  W.,  37'-8;  N.  36«»  W.,  36  oarreat  coarse. 
J}iy  laf.  i8'?N.;  if#;>.  i9i'-3  W.;  ftwi  w  N.  85' W. ;  tfiv^.  193'.  io*.  wi46^  ij' S.;  */. 
foiy.  4*  38'  W.    LmgUud$  in  i8r  22'  W.,  or  178'  38'  E. 

4.  Green,  date  Sept  22^  i6»  o»  24* ;  red.  deol.  o^  4'  sf  N. ;  trae  alt  83^  52'  ao*.  £«<• 
6'  2'  45*  B. 

Jfcrjwr  ;  True  alt  tf  52'  14*.     LmiiiwU  6®  2'  51*  a 

5.  LoflT.  of  diff.  long.  2*159381  =  Dif,  long,  i44''3« 

6.  D.ff.  Ut  1 199'  N. ;  m>r.  diff.  Ut  1205' ;  diff.  long.  3410'  W. :  tang,  oonne  10*451767 ; 
furm  N.  70®  32'  17*  W.;  log.  di>t.  3*556139;  dist.  3599. 

7.  Standard,  London  constant,  —  oi>2i";  ixI>59Ba.m.,  and     no    p.m. 

„        Breit  I,        —  20;     no    A.M.,  and    o>>io»r.K. 

,,        I^ith  „        — 2  21  ;  10  24  A.X.,  and  10  44  p.if. 

f,        Greenock         ^       „        -t"  4  4>  ;    >  >3  •^•K->  ^nd    2  45  p.k. 
„       Brcflt  ,,        +^  *3  ;  oorr.  for  long.  — 14";  7>>49"A.x.,  and 

8**  9»  P.M. 

8.  Green,  date,  Angoet  1'  3*>  53"  56*;  red.  decl.  18*  o'  31'  N.;  eine  of  trae  amplUnde 
9*779826;  trae  ampliiade  E.  37*  2'  xo'  N.    Srror  54^  27'  50*  E. ;  deviation  34*  42'  50'  E. 

9.  InterT'«l  70^,  daily  rate  (4**08  ^)  4«*i  gaining^  interral  ^y^  iii>,  aco.  rate  —  6">  2  3**  3, 
red.  decl.  23*  17'  35*  N.,  red.  eq.  time  +o"  o«-68,  trae  «lt  49*  ii'9*,  hoar-aDgle  3>>  i"  27»*5, 
M.T.  ship  June  14**  3*"  i"  28».    Longitud*  134®  38'  15*  W. 

Map$r:  True  alt.  49*  11'  i^;  hour-angle  3'*  i"  2  8\    Long,  134®  38'  W. 

10.  Green,  date,  1887,  Dec.  31*  16^  24»  20»;  red.  dec).  23^  3'  23»8. ;  trae  aU.  35*  i'  13'; 
logs.  19*75 1 220 ;  trae  asimath  N.  97**  20'  43*  W.    Brror  1 2*  58'  1 3*  W. ;  dmialion  32* 58'  1 3*  W, 

Mapor:  Trae  alt  35*  i'  1*;  trae  asimnth  N.  97**  20'  49*  W.;  donation  32®  58'  t^  W. 
2Vm#  oMimulh  :  Red.  eq.  T.  3"  30>'4  oukt.  from  M.T. ;   app.  time  at  ship  4^  6*  so* ;  irm 
anmutk  S.  82*  56'  W.^;  orror  1 2*  41  ^  W.    Dmation  3 1'  41  J'  W. 

1 1.  Time  from  noon  io«  46* ;  Green,  date  Dec  30*  1 8>»  40"  i9» ;  red.  decl.  23^  7' 27*  S. ; 
nat  no.  624,  nat.  coe.  257949;  mer.  sea.  dist  75®  3'  6*  N.    Lot,  $1^  SS'  39*  N. 

Method  IL    Red.  +  2'  1 3%    Lot.  5i«  55'  39*  N.,  2fori$.    Zat,  51*  55'  49*  N.,  Sapor. 
l\fWton  :  Aug.  I,  +  1'  23*;  index  12.    Ang.  II,  +  50*.    Latitudo  5^*"  SS'  39*  ^• 

12.  ist  red.  decl.  19*  14'  6«  8.;  ist  red.  eq.  T.  +  i2»  i7**6;  Une  alt  9*  41'  48';  lat 
SI*  15'  N,  gives  honr-angle  2>»  55"»  52*;  long,  o*  51'  W.  (A) ;  lat.  50^  45'  gives  hoar-angle 
*•*  59*  »3';  long.  I®  4^t'  W.  {A'),  2nd  ted.  d«Ksl.  19®  11'  41*  8.;  red.  eq.  T.  +  ii«  20«; 
trae  alt.  1 9?  37'  49* ;  *»«•  5  >*  M' ;  looff-  3**  4©^'  W.  (B).  L%t  50*  45  gives  long.  o<>  364'  W. 
(&').  The  line  of  hesriog  when  the  fir«t  altitude  was  taken  trends  S.W.  (  W.  t$ua*s 
asima'h  8.  42°  E.  Ship  at  second  obesrvation  in  lat.  50^  47'  K.,  long,  o''  48'  W.  sad 
line  of  bearing,  B  B',  E.  by  8.  i  S.    Aiimuth  8.  14*  W. 

EXAMINATION  IN  CHART. 
JU*  ail  grades  whore  tko  Chart  it  U9$d, 
L    Trae  eonrse  from  A  to  SUtees  N.E.  by  £.  i  E.,  or  N.  57"  39'  E.     llaicnetio  oonrso 
K.  79*  9'  E.»  or  E.  by  N.     Deviation  32*  E.     Compass  oonrje  N.  47"*  9'  E.,  or  N.E.  ^  E., 
distance  80)  miles. 

IL  Trae  bearing  of  Kinsale  N.  72*  W.,  or  W.  by  N.  |  N.  Trae  bearing  of  Ballyoottin 
N.  6**  30'  E.,  or  N.  |  E.    Latitnde  51^  30}'  N. ;  longitnde  8"  3'  W. 

III.  ist  trae  bearing  Minehead  N.  6*  30'  E.,  or  N.  |  E. ;  and  trae  bearing  N.  58"*  24'  W. 
or  N.W.  by  W.  J  W. ;  Utitnde  51*  50*  N. ;  longitnde  7*  1 1}'  W;  distonoe  18  miles.  * 

IV.  Traeconffse£.by  N.|N.,  or  N.7o*i9'£.  MiignetioconrseE.|S.,  orS.  88*  ii'E. 
I>tfiMioii3s^&    Ooaywi  wum  M.  59*4/ &#  w  MJL  byE.  ^  ^  digtaaeb 6ai 
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y.  Standard  Port  for  Xtefereooe— Qie^nstown ;  po98tfi,n^  fi>r  tto^e  tt  o^  i  $*> ;  constant 
for  height  —  o  ft.  4  io. ;  time  of  high  water  at  Kioaale  11^  4.^^  A.11. ;  height  of  tide  Kioaale 
8  ft.  8  in.;  time  from  high  water  2^  57"^ ;  half  Mpring  range  5  ft.  9  in. ;  height -above  half 
tide  2  ft.  II  in. ;  2^  57™  and  2  ft.  1 1  in.  =  oorrootion  -{-  o  ft.  1  in.  Oontotion  lor  soonding 
9u^*  Sfi»  10  in. 

1 3.    Star.  -Star'a  deol.  1 6«  34'  4*  8.,  true  alt.  60**  59'  28^    LatUud§  45<>  34'  36'  B. 

M^ptr :  Trae  alt.  6o!»  59'  18*.    Laiiiude  4^^  34'  36*  8. 

The  Cure. —Correct  magnetic  bearing  ^(.  8"*  fi. 

Demtions.-.i9-E.;  8»  W.;  29*  W.;  35*  W.;  20«W.;  13*  B.;  a9'E.;   31OB. 

Compass  courses.— N.  2«  E. ;  S.  6oJ»  E. ;  8.  26^  W. ;  N.  72^'  W. 

Magoetio  courses.— N.  11^  W.;  8.  6o«  B. ;  N.  50'  B.;  N.  33°  K. 

Bearings,  magnetic.— N.  16"  E.;  N.  50 J*"  E. 

EXAMINATION  PAPER— No.  XX,  Fa^eM  461-463. 

I.  Log.  3*026339  =r  product  1062*53;  2*138598  =  '013759. 

a.  Log.  3*954291  =  quotient  9001-0;  5*301030  =  *oooo2;  5*301030  =  -oooooa;  and 
1*301030=  20. 

3.  Tnw  Conrsef.— 8.  26'  W.,  i6'dep.  course;  8.  87^  E.,  53';  8. 52**  W.,  15*;  N.  76*  E., 
50';  N.  i4*E.,  9';  8.  30' B.,  28';  N.  68°E.,  47';  N.  8 2«»  E.,  52' current  course.  Dif. 
lot,  Oy  d^,  192' -4  E. ;  eour9e  East;  ditU  i^i'*^.  Latitude  in  50*  25'  8.;  diff.  long,  301**9  B.; 
Longitude  in  184*'  42'  B.,  or  175*  18'  W. 

4.  Green,  date  Sept.  22*  ao>»  9™;  red.  decl.  0°  o'  52'  N.;  true  alt.  84*  21'  I8^ 
LatUudo  5*  37'  50'  8. 

Raper  :  True  alt.  84*  ai'  8'.    ZaiUude  5®  38*  o"  8. 

5.  Log.  D.  long.  a*344i97  =  dif.  long.  a2o''9  E.,  or  3**  41'  B.    Long  in  j^  i'  B. 

6.  Diff.  lat.  2531' 8.;  mer.  diff.  lat.  3701' ;  diff.  long.  7433' B.;  tang,  10*439639;  oourm 
8.  70^  r  48'  E.;  log.  di*t.  3869867  ;  diitanee  741 1'. 

7.  St^dard,  Bre»t»        constant  —  i'*5i'";      no    a.1|.  ;  o^  i">p.x. 

„         Leith,  „        — 'O42   ;  ii^44«a.m.;     no    p.m. 

„         Sunderland,    ,,        —  114;      no    a.m.  ;  o    7  p  if . 
„  81igo,  „        —  o  21   ;     a  45  A.M.;  3     7  P.1C. 

8.  Green,  date  November  4' at >>  2 3";  red.  deol.  15^  38' 39' S.;  sine  9*459946;  true 
amp.  W.  160  45'  37'  8.    Brror  19^  48'  8'  E. ;  deviation  iV  48'  8'  B. 

9.  Green,  date  Aug.  5^  8^  8*  44%  red.  decl.  16*  54'  56'  N.,  red.  eq.  time  -|-  5*  44**91 
true  alt.  35*  16'  44%  hoar-angle  3*»  54""  i6«.    Longitude  179®  18'  45'  W. 

By  lUiper :  True  alt.  35**  16'  32* ;  hour-angle  z^  54»  17*.    Long.  179*^  19'  W. 

10.  Green,  date  Aug.  13*  a>»  20*  40»;  red.  decl.  14*  40'  28*  N.;  tme  alt.  27**  a3'  a9*; 
turn  of  logs.  19*254647;  true  asimuth  N.  50®  10'  10'  B.  Brror  25^  10'  10' E.;  deoiatioi^ 
r  50'  lo'  E. 

.    By  Jtaper  :  Tine  alt.  27*  23'  a5' ;  trm  mimutk  N.  50<»  10'  15*  B. ;  deviaiion  t^  50^  15'  B. 

5Kme  aximuih :  Bed.  eq.  T.  4"  4o**o  eubt.  from  M.T. ;  app.  time  at  ship  9**  o**  40";  true 
OMimuth  8.  130'  13'  B. ;  error  a4*  47'  B. ;  deoiation  8**  27'  E. 

II.  Green,  date  June  11*  19^  43"  30',  time  from  noon  32*  i8%  red,  deol.  a3<»  8'  41*  N., 
true  alt.  50*  14'  43',  nat.  no.  877 1,  mer.  sen.  dist.  38"*  57'  45*  8.    Latitude  15^  49'  4"  8. 

Mbthod  II.  Norie  :  +  47"*  56'.  Laiitude  is"  4S'  40"  8.  Jiaper :  Latitude  150  48'  50'  8. 
Tnoeen:  Aug.  I,  +  la'  aa',  index  81.  Aug.  II,  +  34'  38'.  LatUude  15"* 49'  36'  & 
12.  ist  red.  deol.  15"*  a' 46*  8.;  1st  sed.  eq.  T.  —  i6«  i9**9;  ist  tme  alt  19*  3'  it'*; 
lat.  5 1**  45'  gives  hour-angle  i >>  50™  o* ;  long.  11°  1 6^'  W.  (A).  Lat.  51^15'  givos  hoor^anirla 
«^55"  S^j  ^'^^8*  "a'43t'  W".  (A'),  andr^d.  dscl.  15** 5' 57'  8. ;  and  rod.  eq.  T.  — 16*  i9«*8; 
and  true  alt.  16*'  41'  27*;  lat.  51**  45'  gives  honr-angle  a"»  i8»  33*;  long.  io«  30J'  W.  O). 
Lat.  51"  15'  gives  hoar-angle  2*  23"  3»*5 ;  long.  9*  a3'  W.  (B').  The  line  of  bearing  at  the 
^rst  observation  trends  8.  W.  by  W.  i  W.  8on'8  asimuth  8.  28^  B.  and  line  of  bearing^ 
B  B',  8.E.  I B.  (easterly)  Azimuth  8. 35<'  W.  Ship  at  second  observsAion  in  lat.  5 1*  47'  K., 
long.  io»34'.W. 
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EXAMINATION  IN  CHART. 
Ibr  oil  fftades  ickere  the  Chart  is  uted, 

I.  MsgnetiocoUrM^rom  AtoSmalI#,  S.sj^a'E.,  orS.E.  }E.  Deviation  7"  E.  Com- 
pass conne  8.  60°  a'  E.,  or  8.E.  by  E.  }  £.«  distance  60  miles. 

II.  Maftn^^tio  bearing  Hook  Foint,  N.E.  }  N.,  or  N.  36^  32'  E. ;  magoetio  bearing, 
Saltees,  E.  |  N.,  or  N.  «5»  45'  E.    Latitude  51"  57'  N. ;  longitude  7°  1'  W. 

III.  ist  magoetio  bearing,  SdUees,  N.  59*  a'  E.,  or  N.  E.  by  E.  J  £. ;  and  mngnetio 
bearing  N.  9<»  53'  W.,  or  N. }  \V,    Latitude  5 1*'  50'  N. ;  longitude  &*  a8'  W. ;  dist.  14}  miles. 

IV.  True  conrse  8.E.  by  E.,  or  8.  56"*  15'  E.;  raftgnetio  course  S.E.  i  E.,  op  8.  34*  45' B. 
i)6yiatton  4''  W.    Compass  course  8.  30°  45'  E.,  or  8.S.E.  (  £.,  dlBtance  31}  miles. 

y.  Standard  Port  for  Reference— Waterford ;  constant  for  time  -|-  o^  aon ;  constant 
for  beigbt  4-  ^  ft.  6  in.;  time  of  hisch  water,  Saltees,  o^^  59™  p.m.;  height,  Saltees, 
9  ft.  10  in. ;  time  from  high  water  i^  59"^ ;  half  spring  range  6  fc.  6  in. ;  height  above  half 
tido  3  ft.  4  in. ;  1^  59>"  and  3  ft.  4 in.  =  correction  -^  i  ft.  ZiiL  Correotion  for  sounding 
i9sbt,  8  ft.  a  in. 

1 3.  dtar.— Slar's  dec!,  aa* 55'  55*  N.,  true  alt.  6o«>  a 3'  4*.  Latitude  52«»  3a'  5 1*  N.  {Nbrie), 
„  „        60  2a  57  „        5a  3a  58  N.  (Saper). 

Th«  CurTO.~Correct  magnetic  bearing  8.  100°  W,,  or  N.  80''  W. 

Deviations.— 490  E.,  i6*  E.,  230  W.,  540  W.,  5o«»  W.,  ii»  W.,  i8«»  E.,  54*  E. 

Compass  courses.— 8.  85<»  W.,  8outh,  N.  39"  W.,  8.  i6l»  W. 

Magnetic  courses.— N.  65**  E.,  S.  a?  J**  E.,  N.  5'»  W.,  8.  6a«  W. 

Bearings,  magnetic— 8.  46<»  E.,  8.  S***  W.,  N.  35**  E. 

EXAMINATION  PAPER— No.  XXI,  P^yw  463-465. 

I.    7*7541^^  =  5^776»04i  3-806197  =  -00640025. 

a.    8'20i56i  = '015906,  r3'oooooo=  1 0000000000000. 

3.  True  Cotunies.- S.  6**  W.,  19'  dep.  course ;  N.  50*  W.,  23'-7 ;  8. 47«»  E.,  i6''3 ;  N.  1 8'  E., 
i7'-6;  8.  8'  W.,  i4"i ;  N.  87«»  R,  42';  8.  75'  E.,  12s  8.  65«»  \V..  15' current  coarse.  Dff. 
lat.  i9'-3  8. ;  d^.  3$'  E. ;  cauri$  8.  61"*  E. ;  dut.  40'  E.  Lot.  in  560  41'  N. ;  dif,  Um$,  64'  B. 
Long,  in  380  56'  W. 

4.  Green,  date  June  2^^  %o^  3",  red.  deol.  a3<»  a4'  a9'  N.,  true  alt.  6o«  4'  7'.  LaOtude 
e  31'  24'  8. 

Raper :  True  alt.  6cP  4'  1'.    ZatUude  6'  31'  30*  8. 

5.  Dif,  long.  153' 9  W,,  or  a«»  34'  W.    LongUttde  in  ia°  4'  W. 

6.  Diff.  lat.  4538*5  N.;  mer.  diff.  lat  A^9^''S'f  ^*^  long.  3540'  E.;  log.  tang.  9*859117; 
pourm  N.  35**  52'  E. ;  distance  5588'. 

7.  8tandard,  Queenstown,  constant  —  0*^59"*;  io^3on  ▲.«.,  and  11^  9"*  p. v. 

,,         Qalway  „       -|-o  22   ;   11  55    A.M.,  and    no        p.m. 

,,         Waterford  ,,       -|-  o  44  ;    no       x.u,,  and   o  33    p.m. 

Standard,  Brest,  constani,  +  3**  4^™ ;  <^^»  ^or  long,  -f-  lo" ;  i^  42™  a.m.,  and  a^  I9»  p.m. 

8.  Green,  date  June  a3'  18^  48^  12*;  red.  deol.  23®  a5'  48'  N. ;  true  amp.  a3^  a5'  48*  N. 
Brror  ofeompass  54'  a  a'  W.    Deviation  32®  4a'  W. 

9.  IntervAl  32' ;  rate  o"*8  gaining ;  interval  1 1 3'  5*^ ;  accumulated  rate  — 1">  30«*6 ;  Green, 
datb  Sept.  22*  4»»  57«  35» ;  red.  decl.  o<»  15'  33*  N. ;  true  alt.  16*'  56'  1 2* ;  red.  eq.  T.  —  7»  ao» ; 
hour-angle  4^  52"  15*;  M.T.  ship  ax*  19''  o™  35*.     Longituds  149^  17'  30*  W. 

Raper:  Trae  alt.  16'  56'  5';  hoar-an^Ie  /^^  52™  16*.     Longitude  149^  17}'  W. 

10.  Green,  date  March  ai*  i3»»  5i'«  i6*;  red.  decl.  o'  a7'  11*  N,;  true  aU.  42*  57'  18'; 
sum  of  logs.  19*623070;  true  aaimuth  N.  80°  46'  23'  W.  Error  14*  51'  7'  E.;  deviation 
7«  i'  7*  E. 

Snper :  True  alt  42*  57'  14*;  sine  sq.  9*623074;  tme  a£imuth  N.  80'  46'  24*  W.  Error 
14*  51'  6*  E ;  deviation  7<»  i'  6*  E. 

<    Time  atimuth  :  lied.  eq.  T.  7»  9**39  snbt,  from  M.T. ;  app.  time  at  ship  3i>  7'^  51*  p  jc. ;  ime 
eofimnth  8. 98*  57'  W. ;  error  14''  3^*  E. ;  deviation  60 .44'  £, 
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5to  jbmnn. 

1 1.  Time  from  noon'ion  51*;  Green,  date  October  j*  14^  271^  ^« ;  r»d.  ded.  4*  10'  al'  B. ; 
true  alt.  6^*  47'  lo';  nat.  no.  964;  mer.  zen.  diet.  a6'  5'  19*  S.    Latitude  jo*  15'  41*  S. 

Method  11.    Red.  +  7'  30'.    [Nori$)  Lat.  30**  15  42*  S.    {R'per)  Lai.  3o<»  15'  45*  8. 
Towton  :  Ang.  I  +  o  17* ;  index  15.    Aog.  II  +  8'  3*.     Latilmdt  30**  15'  26^  8. 

12.  i»t  rei.  decl.  20^  53'  i"  8.;  ist  eq.  T.  +  10-  $"*  "t  trae  alt  ii*  if  58*;  lat 
49®  c'  givee  hoar-angle  2»>  2i«  47*;  long.  139°  55'  W.  (A).  Lat.  49®  40  givea  hoarwingla 
2>»i5»30»;  loni?.  i38»2of' W.  (A').  andred.deol.  2o^5ro'8.;  and  red.»q.T.-|.  10-8-3; 
lat.  49*  o'  ffivee  boor-angle  i>»  57»  2»;  long.  138*  44 J'  W.  (B).  Lat.  49^*40'  givee  hour- 
anfrle  i»»  49"»  7»;  long.  140*  43^'  W.  (B').  The  line  of  bearing  at  ar^t  obMryation  trenda 
N.E.  by  E.  8un's  azimnth  8.  34°  £.  Ship  at  second  obseryation  in  lat.  49*  13'  N.; 
lent;:.  139^'  23^'  W.  2nd  line  of  bearing,  B  B ,  N.W.  by  W.  |  W.  (westerly).  Asimnth 
B.  27«  W. 

EXAMINATION  IN  CHART. 
For  ail  grade$  where  the  Chart  it  used, 

I.  Tme  coarse  from  Manacles  to  Rame  Head  N.E.  by  E.  |  B.,  or  N.  63*  17'  E. ;  magnetic 
coarse  N.  82^  47'  E.,  or  £.  |  N.;  deviation  24*^  30'  W. ;  compass  coarse  8.  72^  43'  £.,  or 
£.  by  8.  }  8.,  distance  3;  miles.   . 

I I.  TruA  beaiing  8t  Anthony's  N.  86<'  i  z'  W.  or  W.  |  N.  Trae  bearing  Dodman  Point 
N.44' W.orN.W.iN.    Lat.  50*  7  J' N.    Long.  4*  38!' W. 

III.  ist  trae  bearing,  8t  Anthony's  N.  66"*  30'  W.,  or  N.W.  by  W.  )  W.;  and  tro« 
bearing  8.  79^  45'  W.,  or  W.  1 8.    Lat.  50*  lo^'  N.    Long.  4*  38*  W.    Distance  14I  miles. 

IV.  Trae  coarse  N.E.  |  £.,  or  N.  53*  26'  £. ;  magnetic  coarse  N.  72^  56'  K,  or 
£.  by  N.  }  N.    Deviation  23*  W.     Compass  coarse  8.  84'  4  £.,  or  £.  ^  8.,  dist  21 1  milee. 

y.  8tandard  Port  for  Reference— Devonport ;  constant  for  time  —  o^  46* ;  constant  te 
height  -(-oft.  6  in. ;  time  of  high  water,  Falmoath,  1  ii>  9"-  P.M.;  height  of  high  water, 
Falmoath,  12  It.  7  in.;  time  from  high  water  jf^  9'";  half  spring  range  8  ft.  o  in.;  height 
above  half  tide  4  ft.  7  in. ;  3>>  9*  and  4  ft.  7  in.  =  oorr.  —  o  ft.  4  in.  Correction  for 
■onnding  inbt.  7  ft.  8  in. 

1 3.  8Ur.-8tar's  deol.  55^  54'  49*  N. ;  trae  alt  84'  56'  45'.    LaiUuds  6o*  58'  4'  N. 
i^i^wr  ;  Trae  alt.  84*  56'  39'.    latitude  6oe  58'  lo'  N. 

The  Cnrve.— Correct  magnetic  bearing  N.  95"  £.,  or  8.  85*  £. 
DeviaUons.— 7''W.;  O^'W.;  29^  W.;  24*  W.;  4'E.;  29«E.;  a8*E.;  !«•  E. 
CompaM  cofirses.-N.  iS^^  £.;  8.  60O  E  ;  8.  si""  K.;  8.  58<>  W. 
MagneUc  courses.— N.  3i|<»  £.;  8.  40®  £.;  8.  58^'*  W. ;  N.  15*  W. 
Bearings,  magnetic— (Deviation  for  ship's  head  8.W.  by  W.  |  W.= 3o<*£.},  N.  49}«E.; 
8.  65  J*  £.. 

EXAMINATION  PAPER— No.  XXH,  P4^#»  46J-467. 

1.  ^'©55795  =  »«3709i*4;  6-717087  =  5313000. 

2.  6*394181  ^  2479012*7;  3*000000=  1000. 

3.  Tme  Conrset.-N.  55^fi..  as'dep.conrte;  N.49®W.,5o';  N.72*W.,38*;  N.8o»W., 
33'-8;  N.  6*B.,  37-9;  N.  3°  W.,  4i'*5;  N.  43*  W..  29';  Wes%  32' current  coarse.  D«f. 
tat,  i66*o  N. ;  dep.  i^6''6  W. ;  e^urte  N.  394^  W. ;  ditt.  215^.  Lat.  in  53* 54^'  N.;  mid.tai. 
52*  31  J'  N.;  diff,  long.  224'*5.    Long,  in  a*  19J'  W. 

4.  Gre<m.  date  Aagast  25'  l^^  s^"^  4^*f  '^*  ^^*  ^^^  3*'  6'  N.;  trae  alt  35^  48'  58^ 
Latitude  43*  38*  56^  8. 

It^per  :  Trae  alt.  35'  48'  SS'-    latitude  43^  38*  59*  8. 

5.  Log.  of  diff.  long.  2*254»5»  =  ^if-  *»V-  »79''6. 

6.  Diff.  lat  315'  8.;  mer.  diff.  lat.  524';  diff.  long.  365';  tang,  oonrse  9*843962;  iMinf 
B*  yf  it'  ZS'.  ^9  log-  otOttmm  1*584204;  dittmm  1%^'*%^ 
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„       Leith  M      —  >  43  ;  S  53  ^^t  «nd  9  ai  p.x. 

,,        Greenock  1,      +  4  41  ;    no    A.if^  uid  o  19  p.ic. 

„       Westoii-siiper-Mare     „      —  a  10  ;    116''  AJii,  and  6  aj  t.ic.^ 
ly .      Th«i«»  „      —  o  5S. ;  3  3S  AJCy  and  4    8  pjr.» 

„.      Bnnderland  „.     +0  aj;  11  5a  A.x.»aad    no    p.x. 

S.  Gt&m,  dale,:Sep.'aa<i9k5ott5a*t  raB.decko*  i'  ii'N.;  log^  ain^  6*75^)50;  triie 
amp.  W.  ©•  i'  58*  N. ;  «T©r  ofcompamif^*  5a*  B. ;  dePMitms^  I4?«*^W. 

9.  Intenral  1004;  rate  4**6  ^OMt^^  interral  89':  ajp|i»;  aoa.  ^ate  6"^  54*;  Green;  4ata 
Auu.a7*aa>»  i5»s6»;  red.  deol.  9*46'i6^  N.;  red.eq.T.+  i'»io«-i;  trteaU.  j8<»'i5'44^$ 
hoar-angle  i*  19'  5* ;  M.T.  ship  Ang.  a84  ji^  ao»  15*.    Zonffittid^  76^  4'  45'  E. 

Jltfjw ;  True  alt.  38®  15*  40* ;  hour-angle  3**  19"  5%    ZongU^tdi  76*  4'  45*  E. 

10.  Green,  date  June  15^  a^  30*  5a* ;  red.  ded.  a3^  19*  15^  N. ;  true  alt.  9*  ai'  57^;  aum 
of  logs.  19*879589;  true  azimuth  8.  Ill'*  a' 44' W.  £rroro/compai9  61^  46' I'W.  J>09iatio» 
!!•  6'  I*  W. 

SMper:  True  alt.  9* a i' 4a';  true  aaimuth^S.  iai*3'i5' W.    Ikwiation  iioj*  30*  W. 
Tim  Mtmuih :  Red.  eq.  T. »  o»  8«'3 ;  app.  time  at  ahip  7^  3i»  5a*  pjc*;   true  otiwnaA 
N.  58«»  58'  W. ;  devUUion  1 1*  7'  W. 

11.  Time  from  noon  aan  35*;  Green,  date  Aug.  a8'  6^  17™  ii* ;  red.  deek  9* 39'  1 1"  N. ; 
true  alt.  ad*  at'  48';  natv-now  137  a ;  mer.  sen.  diet.  63"*  32'  56'  K.    ZaiitwU^^'*  12'  7*  N. 

Mbthod  IL    Bed.  +  5*  I6^  latittuU  73**  la'  f  N.,  iVorw.    LttUudi  73^  12'  17*  N.,  Mfiper. 
Towttm  :  Aug.  I  -f^a*  47' ;  index  58*    Aug.  II  +  8'  io«.    LalUikU  73*  la'  o*  N. 

la.  ret  red.  deoL  15**  59  ef  N. ;  lat  red.  eq.  T.  +  5»  ai"i ;  true  alt  50*  40.',  sfi  lafc 
46*  30'  givea  hour^angle  i^  59"*  a6*;  long.  SS*"  28^'  £•  (A).  Lat.  46*  o'  giyea  hour^uigle 
2h  xm  ^3»  J  lonir.  87*  5 1}'  E.  (A*),  and  red.  decl.  15*  56'  aa'  N.  j  and  red.  eq.  y.  -|.  5*  ao« ; 
true  alt.  53**  o'  48*;  lat.  46?  30'  giyes  hour-angle  i>»  40«  1$*;  long.  88*  a7'  B.  (B).  Lai. 
46«  o'  gtyee  hour-angle  ii"  43"  1 8* ;  long.  89<»  12}'  E.  (B').  T&e  line  of  hearing  at  the  first 
obaervatiOB  titade  S.W.  )  8.  Sua^  true  aximuth  S.  5  r*"  E.  Ship  at  seoond  ohserratlon  in 
lat.'46*  aa'  N.;  longrSS"*  40'  E.    and  line  of  hesringv  B  B',  S.B.    Aiinitith  Q:%f  W, 

ElCAHINATtON  IK  OHAEl^.' 
Jbr  all  gradii  wher$  th6  Ckiart  U  uitd. 
L    Magnetie  eoune  from  Lisard  to  Start,  E.  |  S.,  or  8.  9$^  58*  E. ;  deviation  a5«  Vt! 
Oompatfr  oourM  8.  60^  58^  E.^  or  8.B.  hy  E.  f  E.,  distance  62  ndles.'^ 

IT.  llagnetid  hfl«ffing  Liiard  8.  73"*  a6'  W.,  or  W.  by  8.^  8.;  magnello  beMi^St: 
Anthony's  N.  0- 19' E.,  or  North.    Lat.5o<>4'N.    Long.  40  57}' W. 

HL  ist  lnagn«ltlc^hear!n|f  8ti''Anthony*s  N.  ad>  E.,  or  N?by  E.  |  E. ;'  and  mX^SStao 
bearing  N.  70**  W.;or^;h/«/iKi     Latttod6t5oPr  N.'  LonfchuaeT|?  ^9*  W^   DtttT^j 


IT.'  H^otls  aowm  E.  ^  B.»  or  8.*  %f^  aa'  E.    De^alite  35^1  W/   Ooatpm^^oomn^** 
8.:6e«  i^  e.i  or&84  by  E.  i  E;  distaoM  34^  miles. 

y.'   Stattdartl  PoH  fsr  itrtiBrofatK>^Bevonporty  oonstiUM  fo^  fiAe-^  ^4^f  coMaM  iat ' 
heIgM^ifu3hi:;  timeofhith  water  Liattd>4>5o»A.ic.f  hef ght  at  high'water  *Lia«rd« 
14-lt.  8  in.;  timeifrom  hight^ Crater  «^»4"*;  height  abovtt*  half  tide  7  ft.'  6  in;;  a^4»tod  ' 
7ft.^6in:=3eofreoti«B-t-3ft.6in.;  half  sprltf|(  nBlge'7  ft.  a  fai.  i  OolMotUni  Ibr'tftottHdigt  ^ 
«ii3f.  10  ft  8  in. 

13.    Star.— Stains  ded.  55*  55*  4o*  N» ;  inwdte^a^^a'  39f  y  kUtmU  ar  7*  49'  N. 

Sap$r  :  True  alt.  6a*  la'  34^^  MUudi  a8«  7'  44«xN. 

The  Ciirye.-»Oonect  magnetia  beating  8.  30*  W. 

DeTia1ions»^i4*  W.,  i^  W^,  15'  W*,  lo*  W.;  1  j*  E.,  36*  B^  i^  B^  5*  W. 

Compass  oourses.— 8.  ao)*  W.,  N.  300  E.,  &  55*  E. 

ICai^ftia  eovMi.— 8. 75" 'W«,  Vr  74?  W;,  N.  6ar*'B. 

Bearings,  magaatio.—]ir.  i4r  W^  lif*  ya*  B/ 
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EXAMINATION  PAPER- No.  XXTTI,  Paget  467.469. 

1.  9*306425  =  2O25OCOOOO;  7*417139  =  26130000. 

2.  5*119223  =  I3I59O;  5*903090  =  800000.   7*903090  =  80000000. 

3.  True  GonrieB.— S.  24**  W.,  12'  dep.  conne;  S.43'»W.,  34';  S.  57«»W.,  30';  8.  32*  W,, 
31';  S.  i»  W.,  34';  S.  3*  E..  32';  8.  i9«  B.,  34';  8.  59'  W.,  30*  onrrent  counes.  Bif,  lot. 
I92'*9  8. ;  dep.  %i''Z  W. ;  course  S.  23P  W.,  dist.  no^',  Zat,  in  s^^SY  N. ;  mid,  lot.  6o"»  33' ; 
d'f,  hng.  i7o''4  W.    Zongiiude  in  i8i<>  42'  W.,  or  178*  18'  £. 

4.  Green,  date  Aug.  31*  i7»»  19*  ia«;  red.  ded.  V  24'  43*  N.;  tnie  alt  5i«9'a6*; 
futiiude  30*  25'  52'  8. 

Sapir  .*  Tnie  alt.  51*  9'  ai'.    Latitude  30**  25'  56^  8. 

5.  Log.  of  diff.  long.  2*322530  ^  diff,  long,  210**2. 

6.  Diff.  lat.  5968'  N. ;  mer.  diff.  lat.  7050';  diff.  long.  2121'  W.;  tang.  9*478352 ;  C9Un$ 
K.  i6<*  44'  38*  W.;  log,  of  dietanoe  3*794644;  dittanee  6232'. 

7.  Standard,  Brest,  oonstant  4-  oi>50";    no    a.m.,  and  o^is^fm, 

„  Devonport  „       —  04^;    no    a.k.,  and  o  23  p.m. 

„  Hall  y,       —  I  50  ;    no    A.K..  and  o  21  p.ic 

„  Weston-saper-mare    „       —  i  41  ;    no    A.if.,  and  o  29  p.m. 

„  Q'leeostown  ,,       —  o  25  ;    no    a.m.,  and  o    9  p.m. 

„  Brest  „       +7  13  ;  corr.long.+ii-,6»»22'»A.M.,6"'59"p.K. 

8.  Green,  date  Dec.  24'  i*>  14"*  12*;  red.  decl.  23*  25'  44'  8. ;  sine  9*972428;  true  amp. 
E.  69' 47'  56*  8.  Error  ofoompau  250  49'  34'  W. ;  deviation  27*  9'  34*  W. 

9.  Interval  92'  23*^;  ace.  rate  —  o<"  51*.  Green,  date  April  14'  22^  29'^  49*;  red.  ded. 
9«  43'  47*  N. ;  true  alt.  22*  23'  50*;  red.  cq.  time  o»  3«*8  +  hour-angltf  4*  27"  5i«;  11.T, 
ehip  April  14*  i^^  32™  i3».    Longitude  44'  24'  o*  W. 

Bap$r:  True  alt  22^  23'  38*;  hour-angle  4^  27™  52*.    Longitude  440  24'  15'  W. 

10.  Green,  date  Sept.  22^  16**  6«  20%  red.  decl.  o*  4'  41*  N.,  true  alt.  ii""  iV  38*,  sum 
of  logs.  19*372396,  true  aiimuth  S.  58»5'  30*  W.    Error  26"  17'  o*  W.    Deviation  6*  17' o*  W. 

ByJfciptfr.-Truealt.  32«»i8  33';  trueaaimuth  8.58*5'37' W.    Dma^ww  6»  16*53' W. 
Time  etimuih :  Bed.  eq.  T.  7«>  29*'27,  add  to  M.T.;   app.  time  at  ship  i^  1^  29";   trm 
ammuth  N.  i22»  17'  W.    JBrror  26'  40'  W.    Deviation  6<»  40'  W. 

11.  Time  from  noon  la*  i8*;  Green,  date  Sept.  22'  8*>  ii">  i2«;  red.  ded.  o"  12'  25'  N.; 
true  alt  49^  31'  49';  nat  no.  1094;  nat.  cos.  761843 ;  mer.  zen.  dist  40* aa'  23'  N.  Latitude 
40*  34'  48'  N. 

MbthodII.    +^  4%%  latUude  40*  z4'4V^'fN^arie.    latitude  40'' 14' si' ^-^  Eaper. 
Towion  :  Aug.  I,  +  i%  index  19.    Aug.  II,  +  5  51' ;  latitude  40*  34'  46'  N. 

12.  ist  red.  decl.  20^58*  i8'8.;  ist  red.  eq.T.—  12"  32»*3;  ist  true  alt.  11®  27' 7*; 
lat  49*  o'  gives  hour-angle  a»»  40™  22';  long,  83"  2 J'  W.  (A).  Lat.  49*  30'  gives  hour- 
angle  2>»  36"»  2i»;  long.  82^  a'  W.  (A'),  and  red.  decl.  ai»  o'  17'  8.;  eq.  T.  —  12-  29*; 
true  alt  16*43  47*;  lat.  49**©'  gives  hour-anicle  i>»  37«  2«;  long.  81**  19'  W.  (B).  Lnt. 
49*  30'  gives  hour-angle  i^  29"  43*;  long.  83^  8}'  W.  (B),  The  line  of  bearing  at  the  first 
observation  trends  N.E.  }  E.  Sun's  asimuth  S.E. }  8.  (8.  iT"  E.)  Ship  at  the  second 
obeervaUon  in  lat  49''  18^'  N.,  long.  8a*  a6i'  W.  and  line  of  bearing,  BB',  W.N.W. 
Avmuth  8.  aal*  W. 

EXAMINATION  IN  CHART. 
J^  dU  grades  where  the  Chart  ie  ueed, 

L  True  course  from  Bembridge  Point  to  Feoamp,  S.E.  (  E.,  or  8.  46*  24'  E. ;  magnetic 
ooune  8.  28**  24'  E.,  or  S.8.E.  \  E.;  deviation  8*  50'  W.;  compass  oourse  8. 19*  34'  £.,  or 
8.  by  E.  I E.,  distance  78^  miles. 

n.  True  bearing  Nab,  N.  18*  24'  W.,  or  N.  by  W.  |  W.;  true  bearing  Oweny 
N.  74*  as'  B.,  or  B-  by  N.  t  N.    Ut  s^  3«J'  N^  long.  ©•  56'  W, 
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Iir.  mt  true  bearins:  Owen,  N.  54*  44'  E.,  N.E.  }  E  ;  and  irae  bearing  N,  1*  18'  E^ 
or  N.  ^  E.    Lat.  50^  26'  N.,  long.  oP  42'  W.,  distance  12^  miles. 

lY.  Trne  coarse  8.E.  ^  E.,  or  8.  46''  24'  K;  magnetic  oonrse  8.  2S*  24'  E.,  or 
8.S.E.  i  E. ;  deviation  S«  50'  W. ;  oompass  oourse  8.  19**  34'  E.,  or  8.  by  E.  }  E.,  distance 
22}  miles. 

y.  Standard  Port  for  Heference— Brest;  oonstant  for  time  -|-  6^  57";  constant  for 
height  -f  4  f t.  2  in.;  time  of  high  water  Fdcamp  11^  44™  A.K.;  height  at  high  water 
Fecamp  24  ft.  8  in. ;  time  from  high  water  3^  sx"*;  half  spring  range  if  ft.  9  in. ;  height 
above  half  tide  1 2  ft.  11  in. ;  i*^  32*^  and  12  ft.  1 1  in.  =  correotion  —  3  ft.  7  in.  Correction 
for  soundings  tubt.  8  it.  2  in. 

13.    8tM Decl./3Centauri59«49'54*'S.;  tniealt.59**4«'S3'-    Zat. i^"" z^' AT B.,  Norie. 

»  »  f>        59  4"  44        »>    ^9  3«  3«  8„J2*;w. 

The  Cnrre.— Correct  magnetic  bearing  N.  68°  E. 

DeviaUons.— 34«  W.;  o*;  31^  E.;  31*  E.;  24<»E.;  i<>E.;  a2<»  W.;  32' W. 
Compass  courses.— N.  74!°  E.;  N.  45''  E. ;  N.  13*'  E. ;  8.  6°  E. 
Miignetio  courses.— 8.  47**  W. ;  8.  72^®  W. ;  8.  l^Y*  W. ;  N.  57^  B. 
Bearings,  magnetic— Dev.  28^  "W.;  8.  28®  E.;  N.  19!®  W. 

EXAMINATION  PAPEE-No.  XXIV,  Payw  469-471. 

I.    6*996949  =  9930000.     8*059790  =:  *oi  1476. 
a.    0-954243  =  9-    5'2430J8  =  175000. 

3.  True  Courses,— 8.  8i<*  E.,  41'  dep.  course;  8.  85°  E.,  53';  N.  86*  E.,  47';  South.  2»'; 
N.  34*»  W.,  14';  8.  84*  E.,  37';  8.  6i«  E ,  35';  8.  8i«  E.,  $^''5  current  oouwe.  Dif.  UU. 
4S'-7  8.,  Ofp.  25i"9  E.;  eouru  8.  8o'  E.;  di$L  257'.  Lai,  m  36*  59'  N.;  d^f.  long.  318'  B.; 
Ung,  in  4*  20'.  E. 

4.  Oreen.  date  November  30*  i^^  28*  i6»;  red.  deol.  ii*  4/  i*  8.;  true  alt.  i8*  54'  37^ 
Za<.  49*  18' 22*  N. 

R'lpir  :  True  alt  i8»  54'  27^    Latitude  49*  18'  32*  N. 

5.  Log.  of  diff.  long.  2*42x932  =  I>iff'  long*  a64'*2. 

6.  Diff.  lat.  1241'  N.;  mer.  diff.  lat.  1252';  diff.  long.  2117'E.;  tang.  10*2281x7;  eowm 
N.  59'  2  3'.59'  E.;  log,  distance  =1  3*387015;  diitanee  2438',  nearly. 

7.  Standard,  Brest  oonstant  4*  x^  6»;    o^47">a.ic,  and  x^24"p.x. 

—  o  26  ;  II  52  A.M.,  and  no    p.x. 
-|-  2  45  ;    2  26  A.M.,  and  3    3  p.m. 

—  x  13  ;      no    A.M.,  and  o  25  p.m. 
4-  X  35  ;    2  x6  A.1C,  and  2  49  p.m. 

—  14;      no    AX.,  and  o  12  p.m. 
4-4  28  ;  oorr.forlong.— i8«,3h5i»A.K.,4^28">p.ic. 

8.  Oreen.  ^ate  February  i*  17^  I3«  59';  red.  deol.  16°  53'  33*  8.;  una  9*996500;  true 
amp.  W.  82»  44'  9»  8.    Error  15®  41'  S*  E. ;  deviation  20*  37'  54*  W. 

9.  Interval  62*;  rate  2«*5  loeing\  interval  76*  9>»;  aco.  rate  4"  S"  xi«;  Oreen.  data 
August  31'*  9'»  X  i»  56%  red.  decl.  r>  32'  12*  N.,  red.  eq.  T.  4.  o«  7«-75,  true  alt  45*  14' 40', 
hour-angle  2>»  56«  25%  M.T.  ship  Aug.  31*  2>^  56«  33».    Longitude  93**  50'  45*  W. 

jCUtptr  :  True  alt.  45°  14'  3«' ;  hour-angle  2^  56"  26».    Longitude  93**  50'  30'  W. 

10.  Oreen.  date  Jane  15*  2»»  30"  5 3« ;  red.  decl.  23°  19'  15*  N. ;  true  alt.  9*  2 1'  57* ;  ram 
of  logs.  1 9*864544 ;  true  azimuth  8. 11 7®  39'  10*  W.  Error  65*9'  35'  W. ;  deviation  1 4®  29'  35*  W. 

Raper  :  True  alt  9"*  2i'  43* ;  sine  sq.  9  864571 ;  true  aiimuih  8. 117"  39'  31'  W.    Deoiatum 
I4«  29'  14*  W. 
Time  asitnutk :  Bed.  eq.  T.  o«  8*'33  tubt,  from  M.T. ;  app.  time  ship  7^  ix"  33*  p.x.;  tnm 
\}d.  6i«  i^  W.;  error  6f  4'  W.;  deviaUon  14*  24'  W. 
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I  r .  Tkm  fxom  noon.  io»  34* ;  f  Orflen.  date  Harok  ao'  i€i»  55i>  36* ;  red.  deol.  q®  6'  39'  N. ; 
trae  alt.  71''  iS'  34';  nat  no,  1004;  mer.  san.  dist.  18"*  30'  38'  K.    IdUiimU  48^.  37'  17*  N. 

Mbtbod  IL— J2«^^.*  Tne  alt  71''  18'  a8';  red.  +  10' 46^  laiUudi  18*  37'  14'  K. 

Ibmtan :  Atig.  I  o;  index  14,    Aug.  II  +  11'  I^    ZtUitude  t99  37'  4"  N. 

I  J.  ztt  red.  decl.  13*  40'  6"  N.;  let  eq.  T.  +  4«  3»;  tme  alt.  a8»  15'  3*;  lat.  49*  30' 
giyee  honr-anirle  4^  8«  i»;  long.  178*  55J'  E.  (A). '  Lat.  50'  o'  gives  hour-angle  4'*  7"  i^; 
long.  179*  6'  E.  (A'),  and  red.  decl.  13*  35'  ao'  S. ;  and  red.  eq.  T.  +  4-  c^%i  true  alt 
46'  31'  4?';  lat  49*  30'  givee  hour-angle  i'»-59"»  35";  long.  i8o**48|'  E.,  or  179*  rij*  W.'(B). 
Lit  50*  o'  givea  hour-angle  i**  56">  24»;  long.  i79»  59'  W.  (B'}.  The  line  of  bearing  trends 
K.  by  E.  (easterly).  Sun's  true  bearing  S.  77<»  £.  Ship- at  second  observation  in*  lat. 
50P  xif  *  N.,lx>ng.  179P  4a'  E.  .  and  line  of  bearing,  BB',  N.W.  (westerly).  -  Tim  Auiuth 
/«&44*»'W. 

EXAiaNATION  IN  CHART. 

liar  M  grad$9  wh$r$  the  Chart  U  U9$d, 

L  True  course  from  Eiosale  to  Smalls  E.  |  N.,  or  N.  85**  47'  S. ;  magnetic  course 
8.  7a^  43'  E.,  or  E.  by  S.  i  S.  Bemtion  34*  45'  W.  Compass  course  S.  47^*  58'  E.>  or 
8.E.  i  E.,  distance  105}  miles. 

II.  Tme  bearing  of  <DauTvt's.  asck  N.  60^  19  Wi,  or  UMi  by^.Wf  i*W. ;  true  bearing 
Ballyoottin  N.  7"  11'  E.,  or  N.  |  E. ;  latitude  5 1*"  37^  N. ;  longitude  8^  if  W. 

m.  ist  true  bearing  Ballycottin  N.  38^  8*  E.,  or  N.E.  |  K.; -and  true'  bearing 
K.  35<>  W.,  or  N.W.  }  N. ;  latitude  51''  38'  N. ;  longitude  ^'^4e  W. ;. disteoe  f 4miles. 

IV.  True  course  E.  I S.,  or  8.85*  47' E.;  magnetic  course  S.64<*  17' E.)^ov  3.  BV'byE.|E.  • 
detiition  33^  W.    Compass  course  S.  41*  17'  E.,  or  8.E.  1 8. ;  distance  9}  miles. 

V,  'Standard  Port  for  Reference-^ Waterford ;  constant  for  time  —  o^  t^;  •  constant 
for  height  —  o  ft.  5  in;  time  of  high  water,  Ballycottin  8>»  6»  a.m.  ;  height^f  hj|gh> water 
Bal^cottin  i  r  ft.  4  in. ;  time  from  high  water  i^  34™ ;  height  ^K>Te  half  tide  5  ft.  4  in. ; 
half  spring  range  6  ft.  o  in. ;  i^  34™  and  5  ft.  4  in.  =  correction  +  3.ft  8^ in.  Gomotion 
for  sounding  i9sbt,  9  ft.  8  in. 

13.    atar.— MarkaVs  decl.  I4*»  35'  44*  N.  ;.true.iJt.  330 16'  a7'.    Zai.  4a*  7'  49*  8.,  None. 
»»  »>  i>        33  «^  a«         »   4>  7  55  S^Sapsr. 

The  Curre.— Correct  magnetic  bearing  N.  ao«  30'  E. 

DevUtions,— 3rE.;  a?***^.;  a9j»E.;  a6}*.E.;  4j'W.;  a4l'W.;  3«J»W.;  aoJ»  W. 
Compass  oouses.— N.  68i*B. ;  N.  47*  W. ;  &  71*  B.;  N.  77*  W. 
Magnetic  courses.— N.  6f  E.  i  N.  6»  W. ;  8.  3^  E. ;  8. 6$^  W. 
Bearings,  magnetic^Dev.  2V*  W.    N.  70^0  E. ;  8.  aa«  E. 

,to:AMINATION  PAPEB-No.  XXV,  Pfly#»  471-473. 

I.    6-74ao37=55aia4o"5.    5-109096=  ^8557. 
1.    T*903505  =  '800767.    4-648461  =  44510-31. 

3.  TmeCouiies.— N.a'W., a I'dep. course ;^  N.5i»E.,  i6'-6;  S.a5*  W.,i3'-4;  N.5»W., 
i9'-3;  8.  57**  W.,  i9'-i ;  N.  70*  W.,  48* ;  N.  33'  E.,  ai'j';  N.  48**  W.,  49'  current  course. 
Difl".  lat.  95'-3  N.,  dep.  8'  3  W.  Course  N.  5*  W.,  diat  96'.  Lat,  m  6f  $5'  N.,  mid.  tat. 
63*  7';  diff,  Umg,  18'  W.    Long,  in  64**  sV  W. 

4.  Oreen.  date  May  31*  ai»»  i«  ao»;  red.  decl,  ai«  a'  8*  N. ;  true  alt  7a«  a8'  57^  Lot* 
4*  31*  5*  N.    JBUipar :  True  alt  7a*  28'  57' ;  latitude  4*  31'  5*'  N. 

5.  Log.  of  diff.  long.  1*801088  =  Biff,  long,  63-25.    Long,  in  i79»  1 1'  45'  E. 

6.  TAIL  lat  3757'  8. ;  mer.  diff.  lat  4255' ;  dt£Er  long^  7560'  B. ;  log.  taiMHiiit.4a*a49a62 ; 
wmm & 60P  37' 40* B. ;  log.di^  l'^^l9 V ditkum 76^'.  .      ^ 
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7.  8tMidtod;«Ziflilh  Miutent  —  i^n* ;  r t^s^»  jlu^  «nd     no   ^  Mr. 

yy         Leith  „       —051;  no    V  ^.x^  and   0^24*  bjc. 

^         London  „       —  a  19    ;  10  25   ajc.,  and  10  53   p.m. 

„        Brett  ,„       +657    ;  9  «8   A.M.,And   944   p.m. 

„         Sh«emen  ,,       .0  18   ;  11  45   A.M.»and     no     p.m. 

8.  Oreen.  data  Deo.  ai*  17*  30*  4«S  wd.  decl«  %f  v{  a*  S. ;  true  amp.  W.  84*  $\  8. 
Jbvr  of€9mpa99  14'  aof'  E.;  AvM/tbn  13*  49^'  W. 

9.  Ghreen.  date  Jan.  28*  i6>»  36-  s^'^  \  "*•  deol.  i8^  o'  s^'  8. ;  red.  eq.  T.  +  i3«  i8«-5 ; 
trne  alt.  r?^'  51'  4a';  D.  tati  nadawnce  noon  ir'6*-«iMM  to  lat'al  noon  (18*45')  gi^eaUt. 
at  eights  28^56*  6'  N.,  hour-angU  3^  46*  54*.  Xe^^.  at  tight  170*  50'  3o"-JB.»  dif,  Ung.  smc$ 
noon  18'  57'  W.  Stibt.  itom  long  at  sight*  aa  the  ahip  was  iarther  East  at  noon.  long,  ai 
MOM  171°  9  27' E. 

M0p^ :  Trne  alt  17V  5a'  a8';  honr-angla  3^  41^  55*.  £oivi»i«fi  170*  50'  45^  X.,  andfat 
.vaooni7i°9'42'E. 

ID.  Orean.  data  July  9*  i7'»5o«  io»;  »d.  dad.  aa°  17'  3t'N.;  trne  alt.  14*  36*40'';  mm 
off  logi.  ir  «73774 ;  tJPna  admnth  N.  45*  iS  42'  W.  Snror  0/  MmjMMf  47*  41'  42*  W. ;  4k9Uh 
<ibfi54''i6'42*W. 

Stiptr  :  Traa alt  14*  36'  31'';  sina  iq. 9*173828 ;  troa  aiimnth  K. 45*  tff  52'^.  'Ltvkiwn 
54»  a6'  52-^  W. 

TTeM  .^«Mtii<A  :  Bad.  aq.  T.  4*  59»-53  tubt.  itom  M.T. ;  app.  time  ship  3»»  9«  a»  p.m.;  trm 
mimMth  8.  135**  14'  W.;  irror  470  1'  W. ;  dmation  sf  4^  W. 

11.  Oraan.  data  Nov,  a8^  15^  58*  31%  tima  from  noon  ia»  ii%  red.  dad.  ai*  a5'  52'  8.9 
trne  alt  74**  15'  50';  nat.  no.  1307 ;  mer.  sen.  diet  15*  if  a8'  N.    LaiUud$  5*  58'  24'  8. 

Hbthod  IL    Had.  + 1/  15*.    Norn  :  UUiittdt  5-  58' 57-'  8.    M^f^ :  UUUuU  f  S^  53'  S. 

2bifMaa :  Aug.  1  +  i'  39* ;  index  16.    Ang.  II  +  15'  5'-    LtUUfid$  f  58'  26*  8. 

12.  ist  »d.  dad.  io»  13'  14"  a ;  ist  red.  eq.  T.  —  i5»  3«-36 ;  ist  true  alt.  29*  47'  31''; 
lat  49*  20'  gives  honr-angle  o*^  40"  i6*;  long.  118*"  34I'  B.  (A).  Lat.  49*  50'  gtres  hoar* 
angle  o^  19*  39* ;  long.  1 1 3*  25}  E.  (A*),  and  red.  daol.  16*  16'  8'  8. ;  and  eq.  T.  — 15*  4*-7 ; 
and  true  alt.  la""  28'  40'.  Lat.  49®  ao'  giTea  honr-angle  i^  47«  8* ;  long.  1 16*  48^'  E.  (B). 
Lat.  49*  50'  giyea  honr-angla  f^  45*  8%  long.  1  j6*  i8|'  E.  (B').  The  line  of  bearing  at  first 
observaUon  tranda  W.  |  N.  Son's  trne  beaiing  8.  |  W.  (or  8.  8^*  W.)  and  line  of 
bearing,  BB*,  N.W.  by  N.;  aaimnih  8.  56^*  W.  Ship  at  seoond  obaarration  in  lat 
49<>57'N.,long.  ii6Ma'E. 

EXAMINATION  IN  OHABT. 

JlhraUgrmim^htmth§Ckmrti9m$i, 

L  TVna  eooria  from  Londy  to  Braakiaa  Pdnt  E.  by  N. }  N.,  or  N.  74*  3a'  E. ;  m%gnatio 
oonrsa  8.  83*  58'  E ,  or  E.  |  8.  Dariation  25*  W.  Compaaa  oonne  8.  58*  58^  E.,  or 
8JB.  by  E.  i  E.,  diaftaaca  49  miles. 

IL  Thia  baarihg  Ilfraoomba  8. 51*56'  W.,  or  8.W.  |  W.;  trne  bearing  of  Soarwaathar 
N.  12*  34'  E.,  or  N.  by  E.  i  E.    LaUtada  51''  17"  N. ;  longitnda  3*  59}'  W. 

IIL  ist  tma  bearing  Soarwaather  N.  29''  26'  E.,  or  N.N.E.  |  E. ;  2nd  traa  bearing 
N.  52*  8'  W.»  or  N.W.  |  W.    Lat.  51*  ao'  N. ;  Long.  3*  42'  W. ;  diatanoa  11  miles. 

IV.  Tma  oonrsa  E.  by  N.  |  N.,  or  N.  74*  32'  E.  Magnetio  oonrsA  8.  83*  58'  E,  or 
E.}8.    Dariation 25*  W.    Oompasaooaffsa8.58*58' E.»oraE.byE.iE.,dist  i a  miles. 

y.  Standard  Port  for  Baferanoa— Weaton-snpar-Hare ;  oonstant  for  tima  —  o^  29*; 
oonstant  for  hdght  —  4  ft.  o  in. ;  tima  of  high  water  Nash  o^  48*  p.m.  ;  bright  of  high 
water  Nash  26  ft.  o  in. ;  time  from  high  water  2^  20" ;  bright  above  half  tide  9  ft.  6  in. ; 
hairspring  ransra  i6-ft.  6^in. ;  a^  30*  and  9  ft.  6  in.  ss  oorvection  -)*  3  A*  3  in-  Owiaotion 
for  foiuidifif  4iNl  ifJk>fi|i. 
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13.    star.— /JOrionis'decl.  8»2o'ii'S.,troeaU.5a«>ii'54^  W»^i«&  29**  ay' 55* N^  3Vi#. 

Saper  :  True  alt.  si'  1 1'  45* ;  latUuds  29^  28'  4'  N. 

The  Oarra. — Comet  niagnetio  beariog  8.  S"  E. 

Daviations.— 15»  B^  3'  E.,  13*  W^  28*  W.,  u'  W.,  lo"  E.,  13*  E.,  I4»  E- 

Compass  coiiwea.— S.  by  W.,  S.  Sf  E.,  8.  13'  E.,  8.  85^'  W. 

Magnetic  coarsca.— N.  20^  W.,  N.  54**  W^  8.  8a"  E.,  K.  3a*  E. 

Baaringa,  magnetic. — 8.  68'  W. ;  West. 

EXAMINATION  PAPER-No.  XXVI,  Pa^ei  473-475. 

I.     7*891486  =  77890714 ;  1763323  =  '000000057986. 
a.    3*900314  ^  794  904;  7*937469  =  86^90200. 

3.  True  Ck)arieB.— Eist,  39'  dep.  oonrae ;  8.  88'  E.,  54'-3 ;  N.  48*  K,  4t''6 ;  8.  76®  W., 
i4'-4;  8.  aa®  E.,  46'*5;  N.  9"  W.,  29- 1 ;  8.  51*  E,,  49''a ;  N.  79*  E.,  4o'-8  cnrrent  oonrae. 
2H/.  lot.  i5'-a  8. ;  dtp,  i^i'-i  E. ;  eouru  8.  85^*  E.;  dist.  193'.  Lat.  in  59*  34'  N.;  dif.  lon^. 
380**9  E.    LtmgUud$  in  37*  49'  W. 

4.  Green,  date  Sept  30^  1 8i»  ai»  ao*;  red.  decl.  i^  4'  xS"  8. ;  tme  alt  s&^  $6'  24".  Zai. 
*9*  59'  '®*  N. 

By  Eaper  :  Trne  alt  56'  $6'  15*.     laiitwU  29**  59'  19"  N. 

4*.  Green,  date  July  a<>  %^  59%  red.  decl.  33*  1'  46'  N.,  tme  alt  lo*  ay  59':  UtUmU 
77-  aV  13"  N. 

Raper:  Trne  alt.  100  35'  52%  latUnde  77'  34'  6*  N. 

*  When  the  sun  is  observed  below  the  pole  (at  midnight),  instf ad  of  snhtracting  the  tme 
alt  from  90*  add  90*  to  it,  and  from  sum  subtract  declination.  The  lat.  will  be  of  the  same 
name  as  the  declination. 

5.  Log.  D.  long.  3*567880;  diff.  long.  369'-7  E.,  or  6»  10'  E.,  long,  in  ai®  18'  W. 

6.  Diff.  lat.  5585'  N.;  mer.  diff.  lat  6325';  diff.  long.  51' W.;  log.  tang.  7*906510; 
tru$  eouTM  N.  o®  37'  43*  W. ;  log.  diet.  3*747037  :=  distance  5585'. 

7.  Standard,  Breat        oonstant  —  0^17*;  ii1>27«a.k.,  and   midnight. 

„  Brest  t,  -)*  ^  5^  »    ^    ^  ^•^->  ^^^   o^^^^v.u. 

„  Sandorland  „  4"  °  49  !    ''O      a.m.,  and    o    4  p.m. 

„  8aoderland  „  —  o  52  ;  10  33  A.M.,  and  10  53  p.m. 

„  Leith  ,,  —  o  5a  ;    9  30  a.m.,  and  10    o  p.m. 

„  Brert  „  —  i  '7  ;  <»«•  long.  —  i" :  io*»  36"  A.11.,  10*  59*  pji. 

8.  Green,  date  April  35*  o^  34*  48*;  red.  decl.  13'  11'  3*  N. ;  sine  9*625504 ;  tme  amp 
W.  34*  58'  32*  N.    £rror  6y*  50'  33*  W.;  deviation  32®  o'  33"  W. 

9.  Green,  data  Aut.  33*  18^  i6»  50';  red.  decl.  11®  13' 7*  N.;  red.  eq.  time-{-  2»  i9»*4; 
tme  alt  37^  36'  50' ;  lat,  at  tight  37**  38'  18*  N. ;  hour-angle  3^  33^  5i*.  LTngitudt  at  tight 
35*  M'  30'  E.,  dif.  long,  lo*  51'  W.,  long,  at  noon  35"  13'  39*  E. 

£aper  :  Trne  alt  37"  36'  42' ;  hour-angle  3^  33"*  5a**  Longiludo  35**  34'  15*  E. ;  long,  at 
noon  33*  13'  34^^  E. 

10.  Green,  date  Oct  31^  33^  3«  25«;  red.  decl.  14*  24'  14*  8. ;  true  alt  la*  23'  17*;  anm 
of  logs.  19*225100;  tme  azimuth  8.  48"  23'  54'  E.  Srror  51*  11'  39*  W.;  dtviatiom 
i7«5i'39*W. 

Baptr:  Tme  alt  la^  33'  9';  sine  sq.  9*225168 ;  tme  aaimuth  8.  48<'  23'  10'  E.  J[>t9iatiom 
i7«5i'55^W. 

Timo  azimuth  :  Bed.  eq.  T.  1 6*  1 8**3  add  to  K.T. ;  app.  time  at  ship  8>»  43"  59*  am.  ;  tmo 
mimuth  N.  131'  35'  E.;  trror  51*  14'  W.;  deviation  17'  54'  W. 

If.    Green,  date  May  39'  9^  58™  38*;  time  from  noon  4™  12*;  red.  decl.  31^  40'  45'  N.; 
tme  alt  67**  53'  12* ;  nat.  no.  156;  mor.  sen.  ditft  32^  5'  22"  8.    Latituie  o*  34'  37'  8. 
Method  If.    Red.  +  i'  25" ;  latUiidt  &*  34'  38'  8.,  Norie.    Latitude  d*  34  42'  8.,  Magftr. 
Ibmofi:  ▲ng.Iy-t-c^ia';  iadeza.    Aug.  II, -)- i' i8\    X«MM*  oT  34' 33*  &     . 
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12.  ist  red.  decl.  19°  2'  59*  S.;  isb  eq.  T.  —  i4«  5i«;  ist  true  aU.  16®  58'  37";  lat. 
45*  55'  gi^«»  hoar-angle  2»»  27*  i6«;  long.  ii6*  35'  W.  (A.)  Lat.  46°  15'  gives  hour-angel 
ah  24"  38*;  long.  125*  55 J'  W.  (A').  2nd  red.  decl.  19*  6'  22*  S. ;  2nd  eq.  T.  —  i4»  49* ;  2nd 
true  alt.  I2»  17'  8*.  liat..45»  55'  gives  hour-angle  3»>  8'»  I2«;  long.  125®  33^'  W.  (Bj.  Lat, 
46 '  15'  gives  hour-angle  3»  6«  i6« ;  long.  1 26°  2^'  W.  (B').  The  line  of  bearing  at  the  first 
obserTation  trends  N.E.  }  E.  6un*s  true  bearing  S.£.  }  S.,  or  8.  36JO  £.  The  position  of 
the  ship  at  the  second  observation  is  lat.  45**  59'  N.,  long.  125*  39^'  W.  2nd  line  of  bearing, 
B  B',  N.W.  (nearly).    Aaimulh  8. 46*»  W. 

EXAMINATION  IN  CHART. 

jFbr  aU  grade$  tchere  th$  Chart  is  used, 

L  True  conrso  from  Seven  Stones  to  Lundy  Island  N.E.  |  N.,  or  N.  39*  23'  E. ;  magnetic 
course  N.  60P  53'  E.,  or  N.E.  by  E.  f  E.  Dot.  20»  30'  W.  Compass  course  N.  81®  23'  E., 
or  E.  }  N.,  distance  83}  miles. 

II.  True  bearing,  Longships,  N.  25°  30'  E.,  or  N.N.E.  }  E. ;  true  bearing  Trevote 
Head  N.  73*  19  E.,  or  E.  by  N.  J  N.    Latitude  50**  27i  N.    Longitude  5**  28'  W. 

Iir.  ist  true  bearing  Trevose  Head  N.  81"  45'  E.,  or  E.  }  N.;  2nd  trne  bearing 
S.  16°  41'  E.,  or  S.  by  E.  (  E.    Lat.  50*  48'  N.    Long.  5*  9'  W.,  disUnoe  16  miles. 

IV.  Current  set  N.  }  E.,  or  N.  8*  51'  E.  (magnetic) :  true  course  N.E.  by  E.  ^  E.,  or 
N.  59*  4'  E. ;  mngoetio  course  N.  80**  34'  E.,  or  £.  f  N.  Bev.  24*  45'  W.  Compass  coursa 
8.  74**  41'  E.,  or  E.  by  S.  f  S.,  distance  24}  miles. 

y.  Standard  Port  for  Reference— Pembroke;  constant  for  time  —  o^  32"" ;  constant  for 
height  -f-  6  ft.  o  in. ;  time  of  high  water,  Caldy  Road,  o^  i9«  a.m.  ;  height  at  high  water, 
Caldy  22  ft.  8  in.;  time  from  high  water  3**  58*0;  half  spring  range  13  ft.  6  in.;  height 
above  half  tide  9  ft.  2  in. ;  3^  58n  and  9  ft.  2  in.  ^  corr.  4-  4  ^*  5  io*  Cwrrsction  for 
sounding  suht,  9  It.  i  in. 

13.  8tar.*Hi  Serpentis'  decl.  6"*  46'  58'  N.,  true  alt.  28'  58'  i^ ;  Ut.  54*  14'  26'  8.,  Korii. 

»    54  14  21^.9^p9r. 
The  Cunre.— Correct  magnetic  bearing  West. 

Ddviations.— so^'W.;  io<»W.;   i8«E.;  54*  E.;  49*  E.;  i6<»E.;  23'^.;  54*>W. 

Compass  course8.~S.  44^*'  E. ;  N.  8«  E. ;  N.  86®  E. ;  N.  35^  E. 

Magnetic  courses.— N,  45^  W. ;  8. 16®  W. ;  8.  7 1*>  W. ;  8.  49*  W. 

Bearings,  magnetic^Der.  51  i*"  E.    8. 47^  E. ;  N.  34*  E. 
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Apparent  Hoon.      (N.A. 

,  p.  I.) 

Xean  Hoon. 

(H.A.,  p.  n.) 

DATB. 

DBCLINATION. 

TAB. 
IN  OSB 
HOUR. 

DBCLINATIOX. 

son's 

SBMID. 

BQUATION  07 
TIMB. 

s» 

Ib87. 

O        1      » 

« 

0      §     » 

.6  .V2 

M      S 

B 

Jan.         1 

S.  23    o  37 -8 

12-41 

8.  23    0  386 

+  3  46-<5f 

I-182 

2 

as  55  26a 

1355 

22  ss  272 

16  i8-2 

4  14-80 

I-167 

8 

22  49  47  "a 

1469 

22  49  484 

16  18-2 

4  4»-6a 

I15I 

4 

22  43  4»'o 

15-82 

"  43  42-3 

16   l8-2 

5  10-03 

1-134 

5 

aa  37     7*7 

'5*95 

»a  37    93 

16  18-2 

5  37-o« 

1-115 

6 

a»  30    75 

i8-o6 

22  30    9*4 

16  18-2 

$    3-53 

1095 

7 

22  22  40*8 

19*16 

22  22  42*8 

16  I8-I 

6  29-57 

1075 

8 

22  14  47*6 

20-26 

22  14  49-9 

16  I8-I 

6  5510 

«-o53 

9 

22    6  28*2 

21-35 

22    6  30-8 

16  i8*i 

7  20-10 

1-030 

10 

ai  57  4a-9 

2242 

21  57  4$-8 

16  18-0 

2^*^* 

1-007 

11 

21  48  3«'9 

ar49 

21  48  35» 

16  18-0 

8    8-41 

0-983 

12 

a«  38  55*5 

n-54 

21  38  58-9 

16  17-9 
16  17-8 

8  31-70 

0958 

13 

21  28  5r9 

2559 

21  28  57*6 

8  54-38 

0-93* 

14 

21  18  27-4 

i66a 

ai  18  31-5 

16  17-8 

9  «^*43 

0906 

15 

21     7  363 

2764 

21     7  407 

16  177 

9  3785 

0879 

16 

20   l^    20'9 

28-64 

20  56  25*6 

16  17-6 

9  58-6a 

0*851 

17 

20  44  41S 

2964 

20  44  46-5 

16  17-5 

10  18-71 

0-823 

18 

20  32  38-4 

3061 

20  32  43-8 

16  17-5 

to  38-12 

0-794 

19 

20   20    I2'0 

31-58 

20  20  17  7 

16  17-4 

10  56-82 

0-764 

20 

20     7    22-6 

3a-53 

20    7  287 

16  17-3 

II  14*81 

0-734 

21 

19   54    1 06 

3346 

'9  54  170 

16    I7'2 

II  32-05 

0-703 

22 

19   40   363 

34*38 

19  40  43-1 

16  17-t 

"  4854 

0671 

23 

19    26   40-a 

35*»9 

19  26  473 

16  i7;o 

12    4-26 

o-6j9 

24 

19    12    2X*5 

36-18 

19  12  299 

16  i6-8 

12  19-20 

0-605 

n 

18  57  43-7 

37-05 

18  57  5«-5 

16  16-7 

"  33'33 

0-572 

26 

18  42  44*1 

37-9' 

18  4>  5*-2 

16  i6-6 

12  4666 

0538 

27 

18  27  24-2 

38-75 

18  27  32-6 

16  16-5 

12  59-17 

0-504 

28 

18  11  443 

39  57 

18  II  530 

16  i6-4 

13  1086 

0-469 

29 

17  55  44-8 

4038 

17  SS  53-8 

16  16-2 

13  21-71 

0435 

SO 

17  39  262 

41-17 

»7  39  35*5 

16  i6'i 

n  3«-73 

0-400 

81 

8.  17  22  4«-7 

41-94 

8.  17  22  58-3 

16  16*0 

+  »3  40*9" 

0365 

Digiti: 


zed  by  Google 


8un*»  DeeUnatian  and  SemxdiameUr;    Equation  of  Time. 


Apparent  Hooxl     (K.A., 

p.  I). 

Xean  ITjoxt 

(K.A.,  p.  n.) 

DATE. 

DECLINATION. 

^  1.  0 

*"5k 

DECLINATION. 

8tJN*8 
BEMID. 

EQUATION  OF 
TIUB. 

Sop 

1»87. 

e       ,       1 

* 

e       4       » 

i 

» 

M      8 

8 

Feb.         1 

S.  17     5  5*'9 

41-70 

S.  17    6    27 

16 

'5-8 

+  13  49-i6 

0-330 

2 

i6  48  39-1 

43-44 

16  48  49-a 

16 

'5-7 

13  56  77 

0*295 

3 

16  31     78 

44-16 

16  31  i8-f 

16 

^S'5 

14     3*44 

0-260 

4 

16  13  19-4 

44-87 

16  13  299 

16 

15-4 

14    9*»7 

0-225^ 

6 

15  SS  '4» 

4556 

»5  S5  ^5  0 

16    J 

[52 

14  14*8 

0191 

6 

15  36  S^l 

46-22 

15  37     3*7 

16 

r5i 

14.18*46 

0-157 

7 

15  18  154 

4688 

15  18  26  6 

16 

4*9 

14  21-82 

0'12} 

8 

14  59  »»-5 

47'5» 

M  59  3V9 

16 

14-7 

14  a4-37 

0*089 

9 

14  40  14-5 

48-14 

14  40  26-1 

16 

'4-5 

14  2613 

0-057 

10 

14  ao  5i"9 

48-74 

14  21     3'6 

16    1 

'4-3 

14  »7*'o 

0*024 

11 

14    I  149 

49-33 

14     1  268 

16    ] 

[4-1 

14  27  3 1 

o'oo8 

12 

13  41  240 

4990 

13  41  360 

16 

14-0 

14  26*76 

0-039 

13 

13  21   195 

50-46 

13  21  31-7 

16 

3-8 

14  25*47 

0-069 

14 

13     I     19 

51*00 

13     I   14-2 

16 

t3-6 

14  a3'45 

0*099 

16 

12  40  317 

51-51 

12  40  44-0 

16 

'3-4 

14  20-73 

0*129 

16 

12  19  49» 

5»-02 

12  20    1*6 

16    ] 

[31 

14  17-30 

0-1^8 

17 

««  5«  547 

S^'S^ 

II  59    7*» 

16 

ti-9 

14  13*17 

0187 

18 

II  37  48-8 

5»-97 

II  38     1-3 

16 

[2-7 

14    836 

0-215 

19 

II  16  3i'o 

53*4; 

II  16  44-5 

16    J 

[2-5 

14    a-87 

0-243 

20 

10  55    46 

53-86 

10  ss  171 

16 

[2-3 

13  56-7* 

0*270 

21 

10  33  26-9 

54-J7 

10  33  39*4 

16 

12-f 

13  49'9> 

0-297 

22 

10  II  39*6 

54*67 

10  II  52*0 

16 

ri-8 

13  4*  47 

o-3«4 

23 

9  49  4>-9 

55-05 

9  49  55*3 

16    J 

[1-6 

13  34*39 

0350 

24 

9  »7  37-3 

55-4' 

9  »7  49*7 

16    ] 

I '4 

13  25*70 

0-375 

25 

9    5  a3» 

55-76 

9    5  35*5 

16 

[1*2 

13  1640 

0400 

26 

8  4}     10 

5609 

8  43  ija 

16 

ro-9 

13     652 

0424 

27 

8  20  31*1 

56-40 

8  20  43-3 

16    ] 

[0-7 

12  56-06 

0*448 

28 

7  57  54-0 

56-69 

7  58     60 

16 

to-4 

12  4$o5 

0470 

March     1 

7  35  100 

5697 

7  35  21  "9 

16 

0*2 

"  33*49 

0493 

2 

7  "  195 

57-»3 

7  i>  3'*3 

16 

lO'O 

12  21*41 

0-514 

8 

6  49  2 30 

57-47 

6  49  34  7 

16 

9*7 

12     8-8i 

0-535 

4 

6  26  20*9 

57-70 

6  26  31-4 

16 

95 

II  55*74 

0-555 

6 

6    3  13-6 

57-91 

6     3  249 

16 

9*3 

II  4*19 

0574 

6 

5  40     1-4 

^!'; 

5  40  12-5 

16 

90 

II  28-19 

0*592 

7 

5  «6  44-7 

5828 

5  16  55*6 

16 

88 

II   13-76 

o*6io 

8 

4  53  ar9 

58-45 

4  53  34*6 

16 

8-5 

10  5891 

0-627 

9 

4  »?  59-3 

58-59 

4  30    9*8 

16 

8-2 

10  4^*68 

0*642 

10 

4    6  31-4 

58-7* 

4    6  41-7 

16 

8-0 

10  28*09 

0-656 

11 

3  43    05 

5885 

3  43  IO-5 

16 

7*7 

10  12-17 

0670 

12 

3  19  268 

58-95 

3  19  36  6 

16 

7*4 

9  5594 

0682 

13 

a  55  50-8 

59-04 

2  56    0-3 

16 

7*» 

9  39-43 

0693 

14 

a  32  ia-8 

59-" 

2  32  221 

16 

6-9 

9   22-66 

0*704 

15 

2     8  33-2 

59-18 

2     8  42*2 

16 

6-6 

M-tl 

0*713 

16 

»  44  5^-3 

59-»» 

I  45     i-o 

16 

6-4 

0*721 

17 

I  21  10-5 

59-^5 

I  21  18*9 

16 

61 

8  3104 

0*729 

18 

0  57  281 

59->7 

0  57  363 

16 

5*8 

8  1346 

0*736 

19 

„     0  33  457 

59-26 

^     0  33  53-5 

16 

5'5 

7  55*71 

0*742 

20 

S.    0  10    3*4 

59-»5 

8.    0  10  io'9 

16 

5*3 

7  37  83 

0-747 

21 

N.  0  13  383 

59" 

N.  0  13  31-0 

16 

50 

7  19  81 

0-752 

22 

0  37  190 

59-«7 

0  37  120 

16 

4*7 

7     1-71 

0-756 

23 

I    0  583 

59-IO    ; 

I     0  517 

16 

4*4 

6  43-51 

0*760 

24 

I  24  36-0 

59-03 

I  a4  29*7 

16 

4* 

6  25-24 

0-762 

25 

I  48  11*6 

58-93 

I  48    5*6 

16 

3*9 

6    6-92 

o*76i 

26 

2  II  44-7 

5882 

2  II  39-0 

16 

3-6 

5  4857 

0765 

27 

w    *  H  '^''  * 

58-70 

»  35    9*7 

16 

33 

5  3020 

0765 

28 

N.  2  58  41-2 

5856    , 

N.  2  58  37*1 

16 

3-0 

+    5  11-83 

0765 

Digiti: 


zed  by  Google 


Sm'$  Dtdmatim  md  SmiHamttr,-    E^utkn  of  Tim. 


Appareat  Vooa.    (F.A. 

p.  I.) 

Xean  Hoon. 

(H.A.,  p.  nj. 

^» 

bun's 

BQVATION  OF 

^It 

DATB. 

DBOLUrATIOV. 

DKOLINATIOK. 

fiBlfU>. 

TIMB. 

^  ®  0 

1887. 

%       t       ti 

• 

0       »       « 

*^     '  ^ 

M     8 

B 

Maroh  29 

N.  3  "    5-8 

58*40 

N.  3  22     i-i 

16      28 

+    4  53-49 

0-764 

30 

3  4?  »5'^ 

5823    1 

3  45  211 

16     2*5 

4  35-«8 

0*761 

31 

4    8  4i'o 

58*05    . 

4    8  36  9 

16      2-2 

4  16^92 

0759 

April       1 

4  31  5''8 

57-85    ' 

4  3'  48  0 

16      2-0 

3  58-73 

0-756 

2 

4  54  57*7 

57-63    ; 

4  54  54-1 

16     1*7 

3  40-63 

0752 

8 

5  »7  58'» 

57-40 

5  »7  54-9 

16     1*4 

3  22^64 

0-747 

4 

5  40  5»'9 

5716  : 

5  40  50-0 

16      1*2 

3    4-77 

0741 

5 

6    3  4«"7 

56-90  1 

6    3  39*' 

16    0-9 

2  47-05 

0735 

6 

6  26  S4'i 

56-63 

6  26  21-7 

16    o*6 

2  29-49 

0727 

7 

6  48  59*8 

56-34  1 

6  48  57-7 

16    o*3 

a  i2-ia 

0719 

8 

7  II  »8-5 

5604  1 

7  11  26-7 

16    0*1 

I  54-97 

0  710 

9 

7  33  49*9 

55-73 

7  33  48-4 

'5  59*8 

I  38x>6 

0-699 

10 

7  56    37 

55-41 

7  ^f    I'i 

'5  595 

I  21*41 

0-687 

11 

8  18    9*6 

55-08 

8  18    8-6 

15  59-2 

I     5-06 

0-675 

12 

8  40    7*3 

54*7  a 

8  40    6-5 

"5  59*o 

049-00 

0-66  2 

13 

9     I  56"3 

54-36 

9     '  55  8 

15  58*7 

0  33-27 

0-648 

14 

9  »3  3^"5 

53-98 

9  »3  36-3 

15  58-4 

0  17-88 

0-634 

15 

9  45    7*5 

53-59 

9  45    7-5 

'5  58-1 

+    0    »2* 

o'6i9 

16 

10    6  28*9 

53-«9 

10    6  29*0 

'5  57*9 

-   0  i.-«4 

0*603 

17 

10  27  40'4 

52-76 

10  27  40-7 

15  57-6 

0  26-13 

0-587 

18 

10  48  41*6 

5»-33 

10  48  42*2 

«5  57-3 

0  40«3 

0-570 

19 

II     9  32-2 

5..88 

If    9  330 

'^  ^Vl 

0  53-52 

1  6*59 

0-553 

20 

II  30  if9 

5»-4a 

n  30  12-9 

IS  56-8 

0-535 

21 

II  50  40-3 

5094 

It  50  41-4 

'5  56*5 

I  19*22 

0-517 

22 

12  10  57*1 

5045 

12  10  58-4 

»5  56-3 

I  31-42 

0-499 

23 

12  31    a-o 

49*95 

12  3"     34 

15  56-0 

I  43'«6 

0-479 

24 

"  50  545 

49-43 

12  50  561 

15  55  8 

1  54*44 

0*460 

25 

*3  10  345 

48-90 

13  10  36-2 

»5  55-5 

2    5-24 

0-440 

26 

13  30    *'5 

4835 

13  30    33 

»5  55-3 

2  '5*57 

0*420 

27 

«3  49  »5« 
14    8  151 

47-78 

13  49  «7o 

'5  55-0 

2  25-41 

0400 

28 

47-21 

14    8  I7-I 

'5  54-8 

2  34*77 

0-379 

29 

14  27     1-2 

4662 

14  27     3-3 

'5  54*6 

2  43<3 
2  51-98 

0-359 

30 

«4  45  S»'9 

46-01 

14  45  35-1 

»5  54-3 

0*338 

May        1 

«5    3  49*9 

45-40 

15    3  52-2 

«5  54*1 

2  59-83 

0*316 

2 

15  21  510 

44-77 

15  2'  54-3 

15  53-9 

3    7-'7 

0*294 

3 

15  39  38-8 

44-12 

15  39  4«-» 

15  53*6 

3  '3^98 

0*273 

4 

»5  57    9*9 

43*47 

16  14  27-6 

«5  53*4 

3  20*26 

0*250 

5 

16  14  is'a 

41-80 

15  53-2 

3  26*00 

0*228 

6 

16  31  24*2 

4rii 

16  31  267 

«5  53*o 

3  3i*;9 

0*205 

7 

16  48    67 

41-42 

16  48     9*2 

15  52-7 

3  35-81 

o-i8i 

8 

»7    4  3*-5 

40-72 

17    4  35'o 

'5  52-5 

3  39-88 

0157 

9 

17  20  41-3 
17  36  32  8 

40-0  f 

17  20  43-8 

15  5»*3 

3  43-35 

0-133 

10 

39-28 

17  36  35*2 

15  52-1 

3  46*24 

0*108 

11 

17  5>    6-6 

3854 

17  52    9*« 

>5  5**9 

3  48*55 

0*084 

12 

18     7  12  6 

37*79 

18    7  25*» 

'5  5**7 

3  50*26 

0-059 

13 

18  22  to'5 

37-03 

18  22  229 

'5  5'-5 

3  51-38 

0034 

14 

18  36  599 

3625 

18    37      2-2 

15  5«-3 

3  51-92 

0-0 10 

15 

18  51  20*6 

3546 

18  51   22*9 

15  5«-o 

3  51-86 

0*014 

16 

19      5   221 

34-67 

19    5  24-5 
.    19  19    6-8 

»5  50-8 

3  51-22 

0-039 
0*063 

17 

19    19      46 

33-86 

15  506 

3  50*0© 

18 

19  3»  «7-4 

3304 

19  32  29-5 

15  504 

3  48*20 

0*087 

19 

»9  45  303 

32-20 

19  45  32-4 

'5  503 

3  45-83 

O'lIO 

20 

19  58  132 

3»*36 

19  58  i5'i 

15  50  I 

3  41-90 

0*134 

21 

20  10  35  7 

30-51 

20  10  37-5 

15  49-9 

3  39-4* 

0157 

22 

20  22  37-6 

29-64 

20  22  393 

»5  49*7 

3  35-37 
—    3  30-81 

0*179 

23 

N.20  34  i8'6 

28-77 

N.20  34  20*3 

15  49*5 

0*201 

Digiti: 


zed  by  Google 


SunU  DecKnatum  and  Semidiameter ;  Equation  rf  ^vm. 


Apparent  Koon.      (K.A. 

,P.I.) 

Xean  Koon. 

(ir.A.,  p.  n.) 

DATS. 

DECLINATIOK. 

DECLINATION. 

sun's 

8EMID. 

BQUATION  OF 
TIME. 

^!l 

1887. 

o       .     » 

» 

0     1    » 

§        t 

M      B 

s 

May      24 

N.io  45  38-4 

2788 

N.20  45  40-0 

'5  49*4 

—    3  »5-7» 

0-222 

25 

20  56  36"9 

2699 

20  56  38-4 

15  49-2 

3  *o'3 

0143 

26 

21     7  13-9 

26-09 

21     7  15  3 

15  49-1 

3  14-06 

0-263 

27 

21  17  29*0 

25-»7 

21  17  30-3 

15  489 

3    7-50 

0282 

28 

21  27  2r9 

2424 

21  27  23-2 

15  48-7 

3    049 

0301 

29 

21  36  52-6 

233' 

21  36  53-8 

15  486 

2  5305 

0-319 

20 

21  46    0*8 

22-37 

21  46     1-8 

15  485 

2  4r'8 

0-336 

81 

21  54  46-3 

21-41 

21  54  47*2 

15  483 

2  36  90 

0-353 

June       1 

22     3    8-8 

20*46 

22     3    96 

«5  482 

2  28-23 

0-370 

2 

21  II     8*3 

19-49 

21  II     9'o 

15  48' 

2  19«7 

0385 

8 

22  18  44*5 

18-52 

22  18  451 

15  47*9 

2     973 

0-400 

4 

22  25  57*3 

1754 

21  25  57 -8 

15  47-8 

I  59*94 

0-415 

5 

22    32  46-6 

16-56 

22  32  470 

15  47-7 

I  49  80 

0-429 

6 

21    39    I2'2 

1557 

22    39    12*6 

15  47-^ 

I  39  33 

0443 

7 

22  45  140 

14-58 

22  45  144 

15  47*5 

I  28-5? 

0456 

8 

21    50   51-9 

13-58 

22  50  52-2 

»5  47 '4 

I   17-46 

0-468 

9 

21   56      58 

12-58 

22  56    60 

15  47*3 

I     6*09 

0-479 

10 

23    0  55'5 

•157 

23    0  55-7 

15  47" 

0  54'45 

0490 

11 

23    5  »«'o 

10-55 

23    5  21-1 

15  47-0 

0  42-57 

0-500 

12 

23      9   21-1 

Q-54 
8-5  » 

23     9  22-2 

15  469 

0  30-46 

0509 

13 

23    12   588 

23  12  589 

15  45-9 

0  18-15 

05  »7 

14 

23  16  109 

749 

23  16  ii-o 

15  46-8 

—    0    S'^S 

0-524 

16 

23  18  585 

6-47 

23  18  585 

>5  46-7 

+    0    701 

0530 

16 

23    21    21-4 

5*44 

23  21   21-4 

15  46-6 

0  19-80 

0-536 

17 

23  23  196 

^■^1 

23  23  19-6 

15  465 

0  32-71 

0-540 

18 

23  84  53' 

338 

23  U  53« 

15  46-4 

0  45*72 

0543 

19 

23  26     1*8 

2-35 

23  26     18 

15  464 

■     0  5879 

0-545 

20 

^3  a6  45*7 

1-31 

^3  26  457 

"5  46-3 

I  11-89 

0546 

21 

«3  >7     4'9 

028 

23  27    4*9 

'5  46*3 

I  25-01 

0546 

22 

23  26  592 

075 

23  26  59-2 

15  4^-2 

I  3811 

0545 

23 

23  26  28*8 

1-79 

23  26  28  8 

15  46  2 

I  5«''5 

0-542 

24 

23  »5  33*5 

2-8i 

23  25  33*6 

15  461 

2     4'«i 

0538 

2o 

23  24  I3'6 

3*1 

23  24  13  7 

»5  46'! 

2   16-97 

0533 

26 

23  21  28-9 

488 

23  22  29-1 

15  46-1 

2  29-69 

0-527 

27 

23  20  1^-5 

590 

23  20  19-8 

15  46-0 

2  42-15 

05 « 9 

28 

23  17  45*^ 

693 

23  17  45*9 

15  460 

2  54-61 

0-5 1 1 

29 

23  14  470 

7-95 

23  '4  47*4 

15  460 

3    6-79 

0-501 

80 

23  It  24*0 

8-97 

23  "  245 

15  460 

3  >8-73 

0493 

July         1 

23    7  366 

9-98 

23    7  37-2 

15  46  0 

3  30-42 

0*481 

2 

«3     3  249 

IO-99 

23     3  25-6 

15  46-0 

3  4185 

0-470 

3 

22  58  49'* 

11-99 

22  58  49*9 

■15  46-0 

3  5300 

0-458 

4 

22  53  49"» 

12-99 

22  53  50< 

15  460 

4    3-85 

0445 

6 

22  48  25-4 

"3-99 

22  48  26-4 

15  46-0 

4  14-38 

0-432 

6 

21  42  37*9 

M'97 

22  42  390 

15  460 

4  24-57 

0-418 

7 

ai  36  26-7 

15-96 

22  36  27  9 

15  460 

4  3V41 

0-403 

8 

22  29  520 

16-93 

»»  29  53-3 

15  461 

4  4390 

0-387 

9 

22  22  54-0 

'2*2? 

22  22  S5-4 

15  46*1 

4  5300 

0-371 

10 

12  15  31 7 

i8-86 

22  15  34  3 

15  46  I 

5     i*7» 

0354 

11 

a»    7  48-5 

19-82 

22     7  50-2 

15  461 

5  »ooi 

0337 

12 

21  59  41*4 

20-77 

ai  59  43*2 

15  46-2 

5  "7-89 

0319 

13 

21  51  ir6 

21-71 

21  51  n'5 

15  46  2 

5  >5'33 

0-301 

14 

21  41  193 

22-64 

21  42  21-4 

15  46-3 

5  3»*3> 

0-281 

Id 

a'  33    47 

2356 

21  33     7-0 

»5  463 

5  3885 

0262 

16 

21  23  28  2 

24-48 

21  23  30-5 

15  464 

5  44  90 

0*242 

17 

21   13  298 

2539 

^^  21   13  321 

15  46-4 

5  50-46 

0-221 

18 

^^^.^ 

-^Al     3     97 

2618 

N.21     3  12-3 

'5  465  J 

+    5  55'5» 

0-200 

Digiti: 


zed  by  Google 


8unf$  Deelinatian  and  Sem%d%am$Ur:  Equatim  of  Tm$. ' 


Apparent  Hoon.     (V.A , 

p.  I.) 

Xean  Koon. 

(H.A.,  p.  n.) 

DATB. 

DSCLIMATXOir. 

in 

DBOUKATIOK. 

8T7N'8 

BQUATION  07 

9§S 

^gS 

SBMID. 

TIMB. 

•>5§ 

18<*7. 

O         1         H 

* 

^         t          9 

/       ^ 

M       8 

B 

July       19 

N.20  5a  28*3 

27-17 

N.20  52  31-0 

'5  465 

+    6    C-04 

0*178 

20 

ao  41  25*7 

2804 

20  41  28*5 

IS  466 

6    403 

0-I55 

21 

20    30      2*2 

28*91 

20  30     5*2 

«5  467 

6    7-47 

0-131 

22 

20  18  i8-2 

29-76 

20   18   21-2 

15  ^6*8 

6  io*34 

0-107 

23 

20    6  137 

30-61 

20    6  i6'8 

'5  469 

6  12*63 

0*083 

24 

19  53  490 

3 '44 

»9  53  52*3 

»5  47-0 

6  14*3* 

0058 

26 

19  41    4*5 

32*26 

19  41    7*9 

»5  47*' 

6  15*42 

0033 

26 

19  28    0-4 

33*07 

19  28    3*8 

'5  47-2 

6  15*90 

0*007 

27 

19  14  369 

33-88 

19  14  40*5 

15  47  3 

6  15  77 

0*018 

28 

19    0  543 

34*67 

19    0  580 

«5  47*4 

6  15*03 

0-044 

29 

18  46  53-0 

3$-44 

18  46  56  7 

15  47*5 

6  13*67 

0*070 

80 

18  3»  33a 

36*11 

18  32  36*9 

15  47*6 

6  11-68 

0*096 

31 

18  17  55-1 

3696 

18  17  589 

15  47-8 

6    9*08 

0121 

Aug.        1 

18    2  591 

37-70 

18    3    2*9 

»5  47  9 

6    5  86 

0*147 

2 

17  47  45'5 

3843 

17  47  49-3 

15  48  0 

6    203 

0173 

3 

17  3J  145 

39- » 5 

17  32  18-3 

15  48  I 

5  57-58 

0-198 

4 

17  16  26-4 

3985 

17  »6  303 

'5  48-3 

5  52-51 

0*223 

6 

17     0  21-5 

4055 

17     0  25*4 

15  48-4 

5  46  88 

0*248 

6 

16  44    o-i 

4113 

16  44    4*0 

'5  485 

5  4064 

0*272 

7 

16  27  22*4 

41-90 

16  27  26*3 

15  48-7 

5  33*8i 

0*296 

8 

16  10  28*8 

42-56 

16  10  32*7 

15  48-8 

5  26*41 

0*320 

9 

15  53  '9-5 

4321 

15  53  23-4 

15  490 

5  1843 

0-344 

10 

15  35  54'9 

4384 

«5  35  587 

15  49*« 

5    989 

0*367 

11 

15  «8  *5'a 

4446 

15  18  18-9 

15  49*3 

5    080 

0*390 

12 

15      0   20*7 

4507 

15     0  24*4 

15  49*5 

4  5i*'7 

0*413 

13 

14  4»  "-8 

45-66 

14  42  15*4 

15  496 

4  4«*oo 

0-435 

14 

14  23  488 

4625 

14   23   52*2 

15  498 

4  3030 

0-457 

15 

14    5  "'9 

46*82 

14    5  >5'3 

15  500 

4  19  08 

0*478 

16 

13  46  21-5 

47-37 

13  46  248 

»5  50-1 

4    735 

0-500 

37 

13  27  180 

47-9' 

13  27  21-1 

»5  503 

3  55>o 

0-521 

18 

13     8     1*6 

4844 

13     8    4-6 

»5  50*5 

3  42*35 

0*542 

19 

12  48  31-7 

4896 

12  48  35*6 

*5  507 

3  2910 

0-562 

20 

12  28  51  6 

4946 

12  28  54*3 

15  509 

3  1536 

0*582 

21 

i»    8  58-7 

49*95 

IS      9       I'2 

'5  5i-« 

3     i-'3 

0602 

22 

II  48  54» 

50*42 

II    48    565 

«5  5«-3 

2  46-43 

0*622 

-        23 

11  28  385 

50*88 

II    28   40*6 

>5  5«-5 

2  31-27 

0-641 

24 

II     8  11-9 

5"-33 

11     8  13-9 

15  sn 

2  15*65 

0-660 

26 

10  47  34*8 

51-76 

10  47  36*6 

'5  52-0 

I  5959 

0*678 

26 

10  26  47-5 

52-18 

10  26  49*o 

«5  52-2 

I  43'" 

0-695 

27 

10    5  50-3 

5*-58 

10   5  s^^^ 

15  52*4 

I  26*21 

0-712 

28 

9  44  436 

5»*97 

9  44  44*6 

'5  5»-6 

I     892 

0-728 

29 

9  *3  »7-7 

53-35 

9  »3  284 

«5  528 

0  5>*25 

0744 

80 

9     2    2*8 

!  ^2  *9'i 

5V7I 

2    *    3*3 
8  40  29*6 

15  53-1 

.    ^  33*i* 

0-758 

31 

5407 

'5  53*3 

+    0  14-85 

0*772 

Sepf.        1 

8  18  476 

54-41 

8  18  47  "5 

15  53-5 

—    0    385 

0-785 

2 

7  5^  57*9 

5473 

7  s^  srs 

»5  53-8 

0  22*85 

0*797 

3 

7  35    05 

55*05 

7  34  59*8 

'5  54*0 

0  42*13 

0*809 

4 

7  I*  557 

55*35 

7  '2  547 

»5  54*2 

I     1*68 

0-819 

6 

6  50  438 

5564 

6  50  4»-5 

'5  54-5 

1  21*46 

0819 

6 

6  28  25-1 

55-9« 

6  28  23*5 
6    5  58*1 

'5  54*7 

I  41*46 

0-837 

7 

6    6    o'o 

56*17 

»5  54*9 

2     1*65 

0*845 

8 

5  43  28-7 

56-43 

5  43  26*5 

»5  55*2 

2  22*02 

0*852 

9 

5  20  5''6 

56-66 

5  20  49*1 

»5  55-4 

a  42-54 

0858 

lo- 

4 58    90 

5688 

458    6*1 

»5  55*6 

3    3-20 

0863 

ll 

VT    ^  35  21-2 

57-09 

„    4  35  >7-9 

«5  55*9 

3  23-98 

0*867 

12 

N.  4  12  28-5 

57*29 

N.  4  12  24-9 

15  56-^ 

—    3  44  85 

0-871 

Digiti: 


zed  by  Google 


SmTi  IMmidim  mni  BmUimuhr;  SpuMmk  vf  Tlm4. 


Apparent  Xoon.     (ir.A. 

,P.I.) 

XmuXma. 

(H.A.,p.n.) 

DATE. 

DXOLXNATIOir. 

DBOLINATIOX. 

iuif'a 
8XMID. 

SQVATION  OF 
TIME. 

1887. 

o      #     « 

g 

0      1    1 

1     0 

M      8 

8 

Sept.      13 

N.  3  49  31-4 

57-47 

N.  3  49  27-4 

»5  564 

-  ♦  It* 

"l^i 

14 

3  26  30-0 

57'«4 

3  a6  25-7 

»5  S^l 

4  26-82 

0*876 

16 

3    3  a4-8 

57-79 

3    3  20-2 

M  56*9 

4  47-88 

0-878 

16 

a  40  16' I 

57*93 

2  40  ii'i 

'5  57-» 

5    8-97 

0-879 

17 

1  17    4-2 

5805 

2  16  589 

»5  57-4 

5  30-08 

0*879 

18 

i  53  49-6 

5816 

»  53  43*9 

'5  57*7 

5  5'-«9 

°179 

19 

I  30  3»"5 

58-26 

I  30  264 

15  580 

6  1227 

0-878 

20 

I     7  lya 

58-34 

1     7     6-8 

15  58» 

6  33-33 

0*876 

21 

„    0  43  S>-3 

58-40 

„    0  43  45*5 

15  58-5 

6  54-33 

0-874 

22 

N.  0  20  30*0 

5845 

N.  0  20  22*9 

"5  58-8 

7  «5*26 

0*870 

23 

8.   0    2  53-4 

5849 

S.   0    3    0*8 

»5  59-' 

7  36-11 

0*866 

24 

0  26  17*4 

58-5' 

0  26  25-1 

»5  59*3 

7  5685 

o*86f 

26 

0  49  41-7 

58-51 

0  49  49*8 

15  596 

8  1746 

0-856 

26 

I  «3     5*9 

58-50 

I  13  14-4 

'5  59*9 

8  3793 

0849 

27 

I  3^  29*8 

5848 

I  36  38-6 

16    0-2 

8  58-22 

0-842 

28 

»  59  S^'9 

5844 

2     0     2*0 

16    0-5 

9  1 8-33 

0833 

29 

a  a3  150 

5839 

2  23  244 

16    0-7 

9  3822 

0*8x4 

80 

»  46  35*7 

5833 

a  46  45-4 

16     vo 

9  57-88 

0-813 

Oct          1 

3    9  54-7 

5825 

3  *o    4-7 

16     1-3 

10  17-27 

0*802 

2 

3  33  "  ^ 

58-15 

3  33  >r9 

16     1-6 

10  3637 

0-789 

3 

3  56  a6-i 

5805 

3  S^  36-6 

16    v% 

10  55*  16 

0-776 

4 

4  19  37  ? 

57-93 

4  »9  48-7 

16    2*1 

II  13*62 

0*761 

6 

4  42  466 

57-79 

4  43  57*7 

16    r4 

II  31-72 

0*746 

6 

5    5  5»-9 
J  a«  53-5 

57-64 

5    6    33 

16     2-7 

II  49-44 

0*730 

7 

57-48 

5  »9    5' 

16    a'9 

12    6-75 

0-713 

8 

5  5'  509 

57-30 

5  5«    »'7 

16    3-2 

12  23-64 

0*695 

0 

6  14  439 

S7-ii 

6  14  55'9 

16    3-5 

12  40*09 

0*676 

10 

6  37  32-0 

5600 

6  37  44*3 

16    38 

12  56*07 

0*656 

11 

7    0  149 

5667 

7    0  27-4 

16    40 

13  11-56 

0635 

12 

7  »»  5a'3 

^t'^l 

7  »3    4'9 

16    4-3 

13  26-55 

0*614 

13 

7  45  a3-7 

56-18 

7  45  36-5 

16    46 

13  4103 

0-59* 

14 

8    7  48-7 

55*90 

8     8     17 

16    4-8 

13  5496 

0*569 

15 

!  ^"^  V"" 

55*6i 

8  30  20-1 

16    5-1 

14    8-35 

0546 

16 

8  52  i8-i 

55-3' 

8  5«  31-4 

16    5-4 

14  2117 

0-522 

17 

9  14  21-8 

54-?9 

9  H  35*1 

16    5-7 

14  3341 

0498 

18 

9  3^  17 -5 

5465 

9  36  30*9 

16    5-9 

14  45*05 

0-473 

19 

9  53    49 

54-»9 

9  58  1 8*4 

16    6-2 

14  5609 

0-447 

20 

10  19  43-5 

53*9» 

10  19  571 

16    65 

15    6-51 

0*421 

21 

zo  41  12*9 

53*53 

10  41  26*5 

16    6-7 

15  16-30 

0-395 

22 

II     2  327 

53-ia 

II     2  464 

16    7'o 

15  25-45 

0-368 

23 

II  23  42-6 

5*'^9 

II  23  56  2 

16    7-3 

15  3394 

0*340 

24 

II  44  420 

S^'^S 

"  44  55*6 

16    76 

15  41-76 

0*312 

26 

"    5  305 

sn9 

"    5  44'» 

16    78 
16    81 

15  4890 

0-283 

26 

12  26    7-9 

5»*3i 

12  26  21-5 

15  55*34 

0-254 

27 

12  46  336 

5082 

12  46  472 

16    8-4 

16    1-07 

0-224 

28 

«3    6  47*4 

50-3* 

13    7    0-9 

16    8*6 

16    606 

0-193 

29 

13  36  48-8 

4979 

13    27      2-2 

16    8-9 

16  10*31 

0-161 

30 

13  46  37-3 

49*5 

'3  46  50*7 

16    9*2 

16  13*80 

0*129 

31 

14    6  12-8 

48-70 

14    6  26-0 

16    94 

16  16*51 

0097 

Nov.        1 

»4  25  34*7 

48-12 

14  25  47*7 

16    9-7 

16  1 8*43 

0*064 

2 

14  44  426 

47-53 

»4  44  55*5 

16    99 

'6  19-55 

0-030 

3 

»5    3  36» 

4693 

15     3  490 

16  10*1 

16  19*85 

0*004 

4 

15  "  15« 

46-31 

15  aa  27*7 

16  10*4 

16  19*33 

0-039 

6 

15  40  389 

4567 

'5  40  51*3 

16  10*6 

16  17-97 

0*074 

6 

« '5  ^!  ^^'; 

45-01 

»5  58  59*4 

16  10*8 

16  15-77 

0*109 

7 

8. 16  16  39*6 

44*34 

8. 16  16  51-6 

16  ii*i 

—  i6  12*71 

0-145 

Digiti: 


zed  by  Google 


8wif$  DeeUmUm  aiut  SmUUitMUr;    XfuMm  ^  Hm. 


Aypare&t  Vooa.    (JK^  p.  1). 

Xeta  VooxL 

{H.A.,p.n). 

DATl. 

DBOLINATIOir. 

DBCUKATION. 

8Uir*8 
•BMID. 

EQUATION  OT 
TIMB. 

m 

1887. 

9          t          » 

» 

0       «       « 

M     8 

8 

KoT.       8 

8. 1 6  a4  15-6 

43-^5 

S.  16  34  27-4 

16   11-3 

—  16    8*8o 

O'l  80 

9 

16  51  35-0 

4»-95 

16  51  46-5 

16   11*5 

16  4*03 

0*2l6 

10 

17     8  37-* 

42-23 

17    8485 

16  11-8 

'5  5840 

0-252 

11 

'7  ^5  »''9 

4'*49 

17  25  329 

16    12*0 

15  5>-90 

0*289 

12 

17  41  4«-7 

40*73 

17  41  594 

16    12-2 

»5  4453 

0325 

13 

n  57  57* 

39-96 

17  58    7-5 

16   12*4 

15  3630 

0361 

14 

18  13  4^*8 

39''7 
3837 

18  13  569 

16  12-6 

15  27*21 

0-396 

15 

18  39  17*4 

18  29  27-2 

16   12*9 

15  17-26 

0*432 

16 

18  44  a»'4 

37-54 

18  44  379 

16  131 

15    646 

0*467 

17 

18  59  19-5 

36-70 

18  59  286 

16 13-3 

«4  5483 

0-501 

18 

19  «>  50* 

3584 

19  13  59*0 

»6  «3"5 

«4  42-37 

0-536 

19 

19   28      O'l 

3497 

19  28    8*6 

16  13-7 

14  29*11 

0-569 

20 

19  41  48-9 

3408 

19  41  57-0 

16  139 

14  1504 

0-603 

%l 

19  55  161 

3r'8 

»9  S5  238 

16  14*1 

14    o'i8 

0635 

22 

10    8  %V4 

32-26 

20    8  288 

16  143 

»3  44'54 

0-668 

28 

ao  21    4-4 

3"-3» 

20   21    11*4 

16  14*5 

13  28-13 

0*700 

24 

20  33  24-8 

30-37 

20  33  315 

16  14-6 

13  1095 

0*731 

26 

20  43  22* a 

29-41 

20  45  28-5 

16  14*8 

12  5303 

0*762 

26 

«o  5{  5^1 

28-43 

20  57    2-3 

16  150 

»2  34-37 

0-793 

27 

21     8    6-8 

37-44 

21     8  12-4 

16  152 

12  14-98 

0*822 

28 

a«  »8  53*4 

26-43 

21    18  58-6 

1^  15-3 

11  5489 

0*852 

29 

21  29  157 

25-41 

21    29   20-6 

»5  ^S'S 

11  3409 

0-881 

80 

a«  39  »3-5 

a4'39 

21   39  l8'l 

16  15-7 

11  12*61 

0-909 

Deo.        1 

21  48  46-6 

2335 

21    48   50-8 

16  15-8 

10  5047 

0936 

2 

a"  57  54*5 

22-30 

21  57  584 

16  16*0 

10  27*68 

0-963 

3 

22    6  371 

21-24 

22      640-7 

16  16*1 

10    426 

0*989 

4 

aa  H  54'^ 

20-17 

*2  14  57*3 

16  16-2 

9  40-24 

1*014 

5 

22  22  45-2 

19-09 

22    22   48*1 

16  16-4 

9  *5-6* 

1-038 

6 

22  30  10*2 

17-99 

22    30   12*8 

16  i6*5 

8  50*44 

1*061 

7 

»a  37    8*9 

16-89 

■    22   37    11-2 

16  166 

8  24-72 

1-083 

8 

22  43  4fo 

1578 

22  43   430 

16  16-7 

7  58-49 

1-104 

9 

22  49  4fi» 

1466 

32  49  481 

16  i6-8 

7  3176 

1-124 

10 

a»  55  a4'5 

13*53 

22   55   26-1 

16  17*0 

7    4-57 

1-142 

11 

*3    0  357 

Z2-40 

23      0   370 

16  17-1 

6  3695 

1160 

12 

13    5  I9'5 

11-26 

23    5  ao-7 

16  17*2 

6    892 

1-176 

13 

*3    9  35*9 

10*10 

23    9  368 

16  173 

5  40-53 

z'190 

14 

^3  »3  a4-5 

8-95 

23  »3  253 

16  17-3 

5  i«-8i 

1-203 

16 

23  16  45-4 

7-79 

23  16  460 

16  17-4 

4  4»-8o 

1-214 

16 

»3  »9  385 

663 

23  19  38-9 

16  17-5 

4  »3-54 

1-224 

17 

»3  »*    35 

5'^J 

23  22     3-8 

16  176 

34407 

1-232 

18 

23  H    03 

428 

23  24    o'6 

't  '7-7 

3  H4» 
2  44-64 

1238 

19 

23  25  290 

3" 

23  25  292 

16  17*8 

1-243 

20 

23  26  294 

1-93 

23  26  29-5 

16  17-8 

2  14-76 

1-247 

21 

a3  >7     1-5 

0-75 

23  *7     1-5 

16  17*9 

I  4482 

1-249 

22 

»3  27    5*3 

043 

23  ^7    5» 

16  18*0 

1  14-85 

1-249 

23 

23  26  40*7 

1-62 

23  26  43*6 

16  i8-o 

0  44-88 

1-249 

24 

23  25  47*7 

a-8o 

23  25  47-7 

16  18-1 

—    0  1494 

1-246 

25 

23  24  265 

3*97 

23  24  26-5 

16  181 

•+    0  '4-93 

1-243 
1-238 

26 

23  22  37-0 

S'^S 

23  22  37-1 

16  j8*i 

0  44-70 

£7 

23  ao  19-3 

6-33 

23  20  19-4 

16  i8-2 

'  H-34 

1132 

28 

*3  «7  33*4 

7-50 

23  '7  33*7 

16  18*2 

I  43"  81 

1-225 

29 

^3  14  19*5 

8-66 

23  14  199 

16  18  2 

3  13-09 

1-216 

80* 

23  10  37-7 

982 

23  10  38-1 

16  18*2 

2  42-15 

1*206 

81 

23    6  28*0 

10-98 

23    6  28-6 

16  183 

3  io-95 

i'*95 

1888. 

Jan.        1 

8.23     I  50*6 

1213 

8.  23    I  51-3 

16  183 

+    3  39-47 

1-182 

Digiti: 


zed  by  Google 


bSCLnfATION  6F  fixed  STABd. 


DATS. 


star's  KAUB. 


DECLINATION. 


DATB. 


stab's  NAMB. 


DECLINATION. 


1887. 

Janaarj    1 

"     I 

::   24 

February  1 

2 
12 

2 
11 
12 
19 
81 
31 

3 
11 
11 
12 

1 
10 
10 
16 
18 
22 

1 
10 
10 
11 


March 


AprU 


May 


Jane 


Capella  •••• 

Strias , 

Vega 

Aldebaraa . . 

tSirias 

Aldebaraa . . , 
Procyou  • . . . , 

Siriaa , 

Caaopas  . . 
Pollux  ,..., 
Arcturas    . . 

Spica 

o  Pegasi  ,  • 
Arcturas    .  • 

Spica 

Siiius 

Spica 

a  *Oentaari 

Spica 

a  *Ceataari 
/3  Orioais  . . 
fj  *  Dracouis 
a  HvdrfB  . . 
a  *  Oracis  . . 
a  CassiopeisB 
Ache roar  . . 
Pollux    .... 


45  5» 
"6  33 
38  40 
16  16 
16  34 
16  16 

5  30 
16  34 

5»  38 
28  17 
19  46 
"o  34 
H  35 
19  46 
10  34 
j6  34 

'o  34 
60  22 
10  34 

60  22 
8  20 

61  46 
8  10 

62  28 
5?  54 
57  48 
28  17 


50  N. 
54  S. 

48  N. 
44  N. 

0  S. 
44  N. 
37  N. 

4S. 
30  S. 
47  N. 

9N. 

22  S. 
44  N. 

10  N. 

23  S. 
48. 

23  8. 

1  8. 
23  S. 

11  S. 
14  N. 
238. 
42  8. 

49  N. 
258. 
49  ^• 


1687. 

June       15 

}6 

17 

6 

17 

19 

7 

19 
20 
20 
7 
11 
October    7 

.,        17 
..        29 


July 


August 


Sept. 


Nov. 


Dec 


7 
7 
30 
7 
21 
21 
22 
27 
29 


a  Serpentis    . . 

rj  Ar^us 

a  Serpeatis    . . 

Antares 

a  Cyitni 

a  Pavonis  .... 

Antares, 

Ve^ 

AlUir 

/3  Gentauri.... 
Arcturus  .... 
a  Gassiopeias . . 

Markab 

a  Grais 

a  Aqailsd  .... 
a  Piecis 

[Australis.. 
Foaialhaut  . . 
a  AndromedsB. 
a  Arif lis  . . 
a  Arietis  . . 
Pfocyon .... 
a  G>rgni(/>m«&) 
a  Pcrj«ei .... 
Algenib  .... 
Eogulus «... 


6  4<$ 


'I 

26 

5 

46 
10 

44  5» 

il 

5 
10 

'I 

41 
34 

59  49 
19  46 

55  55 
14  36 

i 

30 
34 

30 

13 

28 

11 

22 

ss 

22 

55 

5 

30 

44  53 

49  27 

14 

33 

12 

30 

58  N. 
50  8. 
58  N. 

48  8. 
45  N. 
30  8. 

49  s. 

6  N. 
32  N. 

54  9. 
23  N. 
10  N. 
12  N. 
21  8f. 
34  N. 

7  8. 
23  N. 

55  N. 
55  N. 

'il 

44  N. 
38  N. 
48  N. 


ADMIBALT7  TIBE  TABLES  FOB  1885. 


DATS. 

VAMS  or 

rOET. 

BTAHDAan  roBT 

FOE 

M.VBMMHCE, 

1^ 
si 

M 

1 

COXSTAlfTS 

d 

s 

n 

1 

i 

i 

11 

i 

1 

Jan.    6 
7 
11 
X6 
»9 
19 
19 
20 
tl 
aa 

2} 

89 
29 

30 

»9 

p.b.1 

7 

Bordeaux   

Brest   

h  m 
729 

654 

8    0 

fciu 
5    6 

h  m 
+  3    3 
-i  55 
+  0    3 
+  049 

—  0  46 

—  a  41 

-1  17 
-05a 

-2X9 

+  6  57 
+  0  x8 
-051 

—  0  56 
+  057 

—  09 

f  I  in 

h  m 
720 
3  42 
7  »7 
3  as 

5  a7 

7   21 

I    9 
I  45 

6  39 

049 
0  49 

0  12 

1  li. 

2  21 
IX  27 

047 
0  49 
11  12 

758 

»i  53 
0  14 

9  4» 

846 
9    a 

ft  in 

17    9 

39    9 

h  m 
7  43 

it 

3  4* 
5  4i 

IS 

659 

1  16 
X  x6 
044 
139 
a  47 
"  54 

1  XO 
1    X2 

11  3» 

0  XI 

8x9 
0  36 

VI 

9  23 
9  3» 

ft  in 

»7    4 

39    7 

hm 

4    4 
4S« 

«13 

Needles   

Portsmouth   

Mjirvport     ... 

Livt-rpool 

Soarborou^b  .. .. ... 

Sundarlaud    

Brest   

OhtrbourjT  .... 

Falmou  h  

Devonport 

Chrisiohuroh 

Sandy  Hook  ......... 

B«»t" :;:::;::: 

Aberdeen  

IComroM              ... 

BauiSgato 

Iionlon 

F^oanip ••■. 

BnSt  ...::;:::."'.*.';::: 

Ohaibam 

>heemesi   

Oifordncsa      ..  .... 

Harwich 

L^h  Kyan 

Peel 

•U  lyhead  

Eiagstown 

Warren  Point  

St,  Ives  

Weston-aupar-mare 

2t     0—  2  XO 

Weston-euper-mare 
OarJiflran 

37    0 

17  0 

-3  10 

+  058 

—  0  x6 

—  a  ai 

Holybead  

Filer  B 17           .  . 

SandiU'land   

Ml6rdHaTO 

Cromarty 

Pembruka  

L«th   

Calcutta 

Brait    

Digiti: 


zed  by  Google 


ADMIBAITT  TIDE  TABLES  EOB  1885.-(Coiitiiraed.) 


SATB. 


Fob.    8 


lo 
a? 
2i 
liar.  X 
F«b  18 
ICar.  z 
1 
1 
a 
I 
t 
1 

3 
4 
4 
3 
4 
4 
S 
4 
5 
4 
U 


HI  Am  ow 

POST. 


'A 


April  3 

4 
3 
3 
4 
3 
4 


8 
8 
8 
8 
8 

9 
lo 

9 
10 
10 

9 

10 

10 
10 
10 
10 
zz 
IS 

92 

ta 
t3 
>3 


Bre^t    

Ptfzimioe.. 


Blyth  

fiian  F^randioo 


Strangfoid  Quay. 


Newhaven 

Bcmbridge  Point . 


HuTAt  Oambi'r 
QaiUe&auf. 


Havre  ... 
Lorwick 


Foole   

Yarmoutli  &uad  , 


Beaumaris . 
Exmoutli    , 


Penzanoe 

Aberdovey .... 

Port  Patrlok! 
Arklow    


BallycaaOeBay.. 
Ecrehotts 


BlakeneyBar.. 

Portree    

Lbuielly 

Cardiff 

New  BoM  

liobart.^ 


Morlaix  .... 

nedeSeln  . 
Korehons.... 


Pensanoe 

Limeriok 

Dunmanua  Uarb'r 
Garacut  


Ramsey  (I.  of  Man) 
Lyme  Bogie  .... 
Mew  Boss  


Dunmore    ... 
Ballycotton 
Lerwick 


ITAMDASD  POST 

roR 

kSfKaXMCS. 


Devonport .., 

Sunderland 
Brest    


Kingstown., 


Dover 

PortpmouttL 


Oreenbck 

Poruanouth 
Brest    


Thurso.. 


Portsmouth 


Ltv<>rpool   . 
Devonport . 


Holyhead 


Oreenock.... 
Kingstown . 


Bel&st.. 
Brest    .. 


Hull 

Tourso 

Pembroke  

Wi  ston-super-mare 

Waterford 

Brest    


h  m  f I  II) 
3  47  19    o 


0643 


815 


Devonport ... 

0<away   

Que«nstown 
brest    


Holyhead  . 
D^«  nport . 
Wateriord  . 


For  Jand  B' »  ater . , 
Oherbourg , 


Tarn  Point... 

Beiwick  

St.  M'Uo 

Dunuene^ ... 
Looh  Byan... 


Thurso.. 


Portsmouth 

»» 
Brest   


Liverpool    .. 
Sunderland.. 

htBut    

Dover  

Oreeuock... . 


330 


h  m 

—  X  13 

—  o   7 

+  I  19 

+  o  39 

—  041 

0  19 

1  4x 
+  619 
+  5  31 

+   22 
231 

—  251 

—  055 
+   03b 

-I  13 

—  a  11 

—  o  58 
-3  i» 

418 
+  a45 

+  0    - 
-156 
+  o 
+  o 

+  044 

+  x    6 

—  OS* 

+  «45 

1  >3 

+  1  35 

—  1    4 

9+  I  1 
+  o3b 
+  044 

+  07 

—  O  SO 

+  a    ^ 

—  440 
+  4    * 

— o    1 

—  X  4 
+  a  x6 
-oa7 

—  0  56 


+  3 


ft  in 


h  m  ft  in 

0  6 

1  30 

o  ^ 

a  12 

I46 

10  20 
iz  10 

11  XI 

11  42 
o    3 

o  30 
iz  42 

0  3 
S  7 
S43 
5  43 
9  47 

10  26 

»  as 

2  3 

1  52 

a  30 
X  a 
"    3 


1    5 


0  3; 

1  51 
o  59 
X  35 

0  34 

1  11 
83a 
9  4« 


8 
"  45 


"    5 
II 


11 


o  58 
o  41 
o  40 

o  50 

310 

10  56 

xo  44 


xo    6 

10  4a 

3  37 

4  »7 
10 

IX   21 

11  29 

3  3» 
3  54 

IZ   71 

o  36 


h  m 
10  44 


o  41 
o  7 
a  37 

3  »4 

4  7 
10  50 
IX  3^ 

'!« 

O  2i 

O     i 

o  51 

O  24 

r^ 

6 

10  7 
1045 

X  41 
a  21 
a  XI 
a  49 

X   20 

11  39 

o  20 

0  20 

1  49 
o  14 

0  5a 
a  ,5 

1  17 
1  Si 
o  52 
»  3x 
9    4 

lo  22 

O  26 
a  49 


»8 


ft  in 


16  4 


o  20 
II  42 

"  *l 

o  18 

XI  4X 

o  x^ 
o  iS 
IX  41 

0  18 

X38 
*  ^i 

1  16 

o  z8 

X  if 

10  21 

11  30 
II   22 

Noon 
N<von 
Noon 

10  24 
II 

4 

456 
1045 

»»  55 

11  47 

3  49 

4  12 
XI  41 

o  17 
054 


h  m 
65s. 


XI    8 

o    I 


7S7 

8  14 


16    6 


814 
9 


Digiti: 


zed  by  Google 


10 


ADMIEALIT IIDB  TABIDS  FOB  ItW-^QoaXtnai^ 


VAMX  OW 
FOUT. 


BTAHDAXD  FOXT 

roB 


COMSTANTS 


IE 


1885 
May  89 

June  X 
3 

6 

I 

6 
6 
6 
6 


S2 

11 
22 

la 

22 
22 
22 
22 
21 
26 
30 

July  X 


9 
9 
9 
9 
9 
19 
2a 


Boulogne ^.. 

Ba&Voastie  ifay ' 


Barfleor  . 
Bombay  . 


Dover  .... 

Bel?ast!.'.'.' 

It     •••• 

Brest   .... 


k  m 


859 
11  40 


ftlu 


«7 


Ooleraine 

Cardigan 

Bridgewater  Bar  . 

Jersey 

Littlehampton  ^„ 

Limeridc 

Tenby  

Scarborough 

St.  Mary's 

Ouemsey    

Avatoha  Bay 

Booheile 

Yalentia 

nfraoombe 

Lerwick 

Thurso 

Ohristohurdi 

Portsmouth   

Needles   ..„ 

Lisard 

Deronport 

Aberystwyth 

Brest    

Deronport 

Port  Jackson. 


Londonderiy 

Holyhead   

Weston-soper-mare 

Brest    

Portsmoutli   

Oalway 

Pembroke  

Sunderland    

Devonport 

Brest    


Queenstown  

Wes:on-fiuper-mare 
Thurso    


3  30 
3    5 


Portsmoud^ 

Portsmou^ 
Devonport ... 


Inlshbofln 

Sligo 

Portland  Br'kwater 
Maiden  Bocks  .< 

Belfast 

Inishbofin 

Tusoar 

Waterford 

Lyme  Regis  

Hurst  Camber  .. 

St.  Male 

nfiracjmbe 

BedeBas  


Holyhead 


Brest 
Sl&o... 


Portsmoutti   

BdftuBt: 


5 
5  43 
7  Ji 


3  47 

n 


Sligo 

Watexford  . 


Orinan., 


Deronport 

PortsmoulAi   ..... 

Brest    

Weston-euper-mare 
Brest    


Oreenook... 


1043 
1043 

4  34 

5  45 
5  *> 


Flambro'Head.. 
Peterhead  ....^.., 

8. Ives  

Cape  Wrath  .... 

Whitby  

Belle  ne 

Heligoland 

Lowestoft  


Falmouth 

Bkoll    

Kfirosh""" 
Madras   ... 


11        •••• •■ 

Hull...... 

L«lth   « 

Weston-super-mare 

Thurso 

^underland    ..... 

Bitst    ..«. 

Harwich 


Deronport ... 

Queenjtown  . 

Ofllw!^y  

Brest   


"33 


835 


Noirmoutier  ...... 

PortNaralo  

Belle  He 

Lvnn  Deep 

Balljrcastle  Bay 
Scarborough , 


Hi;\...:: 

Belfast.. 


4" 


hm 

+  0  13 

-418 

0+5 


ft  in 


4— X    o 


—  1  37 

-3  10 
4 
+  •  42 

—  o    5 
+  I  35 

—  o 
9+045 

I—  X  10 
+  a  so 


+  3 
+  • 


30  + 


—  X  19 

—  X  xa 

+  22 


-241 
-155 


<-  2  40 


-4^ 


+  038 

—  141 
+  2  x8 

—  I  xa 


4  49>3    o 


9    3 


3    6 


+  441 

-I  59 

—  «4J 

—  2  xo 
-es8 
+■  o  23 

—  o  29 

033 

2    9 

—  o  46 

—  059 

+  07 


15    9 


-04s 

—  o    $ 

—  029 

+0 


h  m 

IX   2X 


O  22 

651 

8  22 

9  «9 
o  29 

3  33 
XI  59 

9  *9 

4  45 
xo  23 


fcin 


h  m 
IX  41 


11    sjxx 

o  29 
XI  3* 
11  32 

o    4 

8]  3  si 
5  50 
9 


14  so 


o    4 
041 

8  49 

9  5» 
«    3 

4  5 

951 

5  13 
fto^ 

o  23 

6|11  34 
7 


ft  in 


IS    6 


11  0 
16 

II  9 

18  7 


h  m 


5  3* 

6  X7 


16 


034 

I   JO 

9  3* 


17  2 
tl  11 
37  8 
13  10 

Z4    c 


7   3 

75, 


-6    o 


6  21 


i6    1  6 


i:^ 


:i 


6  o   4 
059 

9a6 

4  14 
3  35 


16 

ij  o 

9  8 

8  9 


o  3xp6 

8  10 
«S    3 


9  26 

[O     7 
XX  X>: 

5    7 

9A^ 


440 
4    5 

37 


—  4    4 


-2    J 


1050 
11  58 

a  6 
xo  31 
1  59 

436 
11  29 

O  29 
11   21tO 
13- 

a    5 


49+  «    5 


054 

147 

o  21 
11  se 
11  57 

031*5 

031 

0  3t 

on 
3  s 

3  57 
n  54 

0  24 


2iO 

xz  46 

536 

xo  X5 

"  a5 

«36 
Ift     4 

a  33 
5  6 
11  58 
o  so 
11  IX 
X  47 

2  23 
015 

i  34 
o  56 


9    5 


8  7 

9  5 

10  xo 


14    7 


4  3«i 
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MILL    DAM,    SOUTH    SHIELDS, 

VHUV&  THK  8UPEEINTKNDKJJCE  OP 

Mr.  THOMAS  L.  AINSLEY, 

(Author  of  "A  Guide  Book  to  the  Local  Marine  Bo^,"  "The  Examiner  in  Seamanship," 
*'  A  Manual  of  the  Local  Marine  Board  Examinations,"  &c 

ASSISTED  BY  EMINENTLY  QUALIFIED  AND  EXPERIENCED  TEACHERS. 

Captains  and  Officers  of  the  Merchant  Service  prepared  for  passing  the^ 
Local  Marine  Board  Examinations. 

TERMS;  £    8.    d. 

>  'Master  (Extra)     .        .        .        .        •        •        3    3    o 

Master  (Ordinary)        .        .        .-       .        .        a    a    o 

First  Mate     .        .        ..        ,        ..aao 

Only  Mate •        3    .3  .  ©  / 

Second  Mate         .        .        «        ...        .        aao 


NAVIGATION  AND  TRIGONOMETRY. 

L    A  Course  of  Navigation,  viz  -.—Latitude  by  Meridian  Altitude  of  Sun,  Mbc«,  and  Star    £'  «.  d, 
— by  Altitude  of  Sun  near  the  Meridian — by  Two  Altitudes  of  Sun— Sumner's  Method  ^  - 
of  Double  Altitudes,  and  by  Altitude  of  Pole  Star  out  of  the  Meridian ;  Variation  of 
the  Compass  by  Amplitude  and  Aamuth ;  Longitude  by  Chronometer  and  by  Lunar 
Observations;  and  the  use  Of  the  Sextant  and  Charts  , .,.. 440 

n.    A  Course  of  "Kavigation,  as  above,  with  Plane  Trigonometry .......    (60 

III.  A  Complete  Course  of  Practical  Navigation,  including  all  the  Methods  employed  in 
Nautic^  Astronomy  for  determining  Latitude,  Longitude,  Variation  of  the  Compass, 
Enor  of  Chronometers,  &c. ;  together  with  Plane  and  Spherical  Trigonometry,  and 
their  application  to  Navigation  and  Nautical  Astronomy 880 


Courses  of  Ariihmetic,  Algebra,  Geometry,  Trigonome'.ry,  Plane  and  Spherical 
Surveying,  &c.,  on  moderate  Terms. 


lessons  (m  Physical  Geography^  Meteorology ,  Law  of  Storms ,  .^e. 


Engineers  prepared  to  pass  the  Local  Marine  Board  Examinations. 


Instruction  given  on  the  xtse  of  all  Meteorologiealf  Nautical,  and  Mathematical 
Instruments,  Charts,  ^g. 


The  Fees  are  paid  at  Entrance.  Persons  who  cannot  stay  to  complete  a  Course 
of  Instruction,  may  return  for  that  purpose,  without  any  addiional  expense. 
A  separate  Apartment  for  Masters. 


